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Until  oomparatiyely  modem  times  the  maunfiBkcture  of  iron  was 
confined  to  wrought  work,  fusible  cast-iron  was  an  unknown 
material,  and  its  Yalnable  properties  when  in  a  molten  liquid  state 
were  little  thought  of.  In  the  reign  of  Queen  Elizabeth  cast-iron 
was  a  comparative  noyelty ;  and  works  in  that  material^  produced 
as  recently  as  the  commencement  of  the  present  century,  show  that 
the  ironfounder's  art  had  made  but  little  progress.  Within  the 
last  fifty  years,  however,  gigantic  strides  have  been  taken,  and 
cast-iron  is  now  applied  to  a  multitude  of  purposes,  the  articles 
made  from  it  ranging  in  size  from  a  half-pint  saucepan  up  to  an 
anvil  block,  which  takes  months  to  cool  down  after  it  has  been  cast. 

There  have  been  numerous  causes  at  work  to  account  for  the 
rapid  development  of  this  important  branch  of  the  world's  industry. 
First,  of  course,  comes  the  utilization  of  steam,  which,  by  affording 
means  of  transport,  admitted  of  the  collection  of  iron  ore,  flux,  and 
fad,  from  widely  separated  localities.  Steam  also  gave  a  great 
incentive  to  the  use  of  machinery,  in  the  construction  of  which  cast- 
iron  was  introduced. 

Improvements  in  blast  engines,  a  thorough  knowledge  of  the 
chemical  properties  of  the  various  ores,  and  the  nature  of  the  fuel 
best  fitted  to  use  with  them,  have  resulted  in  the  production  of  a 
certain  uniform  quality  of  cast-iron,  possessing  very  great  fluidity. 

To  keep  pace  with  the  ever-increasing  demand  for  works  in  cast- 
iion,  the  greatest  ingenuity  has  been  used  in  devising  furnaces  and 
macLinery^nd  ingLus  workshop  appliance  for  dealing  with 
larger  quantities  of  molten  metal ;  whilst  much  attention  has  also 
been  devoted  to  improvements  in  pattern  -  making,  moulding  in 
loam  and  sand,  cores,  and  the  like,  which  latter  branches  are. 
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however,  only  to  be  thoroaghly  mastered  by  actnal  experience  in 
the  shops,  oombined  with  a  good  general  knowledge  of  the  nature 
and  chemical  propertiee  of  Tarions  materials,  and  the  laws  of  heat 
and  pneumatics. 

Theoretical  knowledge  is  of  no  service  to  the  founder  without 
ezperieno^  and  the  exercise  of  the  greatest  care  and  watchfulness 
at  every  step ;  as  the  peculiarity  of  the  art  is,  that  if  only  one  amnll 
point  is  overlooked  in  the  numerous  processes  leading  up  to  the 
final  operation  of  casting,  the  omissioD  will  probably  not  be  dis- 
covered until  it  cannot  be  rectified,  or,  in  other  words,  until  the 
caetii^  ie  found  to  be  a  "  waster,"  only  fit  to  be  broken  up,  and 
remelted  at  a  great  e:q>enBe,  and  the  whole  operation  has  to  be 
repeated. 

Snch  fiulnree  are  by  no  means  tmcommon,  even  in  the  shops  of 
leading  firms,  and  it  need  scarcely  be  said  that  the  profit  on  the 
manufacture  of  say  an  engine  is  very  materially  reduced  if  several 
cylinders  have  to  be  cast  before  a  satisbctory  one  is  obbuned. 

It  is  not  within  the  scope  of  the  present  work  to  describe  the 
extraction  of  metals  &om  their  ores ;  the  founder's  business  is  to 
deal  with  the  metals  themselves,  and  by  his  art  to  change  pigs 
and  ingots  into  the  nseM  and  ornamental  appliances  met  with  in 
every  direction  in  all  civilized  communities. 
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mation,  in  whateyer  material  he  deals  with,  and  to  place  that 
information  before  him  clearly,  concisely,  and  in  as  practical  a 
manner  as  the  snbject  will  allow.  Consequently  little  space  has 
been  devoted  either  to  chemical  considerations  or  to  abstruse  for- 
mulaB,  and  where  it  has  been  found  necessary  to  point  out  the 
chemical  effects  of  certain  processes,  this  has  been  done  with  the 
utmost  simplicity  consistent  with  accuracy.  The  writer  has  often 
felt  the  want  of  such  a  work  himself,  and  if  others  had  taken  upon 
themselves  the  task,  the  present  work  would  never  have  been 
written. 

It  has  been  truly  said,  that  every  engineer  should  have  a  good 
knowledge  of  chemistry,  but  the  time  has  not  yet  arrived  for  the 
attainment  of  that  desirable  object,  nor  can  it  be  expected  that  the 
founder,  an  eminently  practical  man,  should  be  thoroughly  ac- 
quainted with  the  great  study  of  theoretical  chemistry  applied  to 
metallurgical  processes. 

In  so  complicated  an  art,  the  experience  of  any  one  man  can 
be  but  limited  to  his  own  circle  of  observation,  and  the  writer 
desires  therefore  to  acknowledge  the  aid  he  has  received  from 
many  personal  friends;  where  other  information  was  required  it 
has  been  obtamed  from  the  best  authorities  in  their  several 
branches,  the  works  of  Dr.  Percy,  Bobert  Mallet,  F.B.S.,  Dr. 
Siemens,  F.B.S.,  Eohn,  and  numerous  French  and  Belgian  authors 
have  been  consulted,  and  to  these  gentlemen  are  due  our  best 
thanks. 
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CHAPTER  I. 

VI<3t  iron;    its  OHARAOTEBISnOS  AND   MIXTX7BE8. 

The  curiosities  of  the  iron  manufsuiture  are  nmnerons  and  inter- 
esting, and  several  of  them  are  at  present  unaccounted  for  by  the 
greatest  chemical  authorities.  Commencing  with  pig  iron,  the 
remarkable  changes  which  are  effected  in  its  qualities  by  slightly 
different  treatment  are  of  the  utmost  importance  and  utiUty. 

Such  are  the  conversion  of  pig  iron  into  steel  direct,  and  by  the 
Bessemer  process.  The  power  of  obtaining  &om  the  same  cast 
iron  either  a  soft,  flexible,  or  elastic  steel,  or  one  so  hard  and 
brittle  that  nothing  softer  than  corundum  or  a  diamond  wiU  cut 
into  it  for  any  length  of  time ;  or  by  merely  altering  the  rapidity 
of  the  cooling  of  the  cast  iron  from  its  liquid  state,  to  form  either 
hard  white  chilled  castings,  or  soft  grey  ones,  which  can  be  turned 
and  bored  almost  as  easily  as  brass. 

Pig  iron  is  the  form  in  which  cast  iron  appears  when  delivered 
firom  the  smelter,  consisting  of  rough  oblong  blocks  of  the  metal 
which  have  been  run  direct  from  the  smelting  furnace  into  open 
moulds. 

Cast  iron  is  a  granular  and  crystalline  compound  of  iron  and 
carbon,  more  or  less  mixed  with  uncombined  carbon  in  the  form  of 
graphite,  but  never  contains  more  than  5  per  cent.  It  is  harder 
than  pure  iron,  more  brittle,  and  not  so  tough,  and  is  obtained  by 
the  direct  reduction  of  iron  ores  in  the  blast  furnace.  The  modes 
of  combination  of  the  carbon  with  the  metal,  as  well  as  the  nature 
and  proportion  of  foreign  matters,  such  as  silicon,  alumina,  sulphur, 
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phoeplumu,  and  manganeee,  determine  ihe  infinitely  Torying 
qnalities  reUtiiig  to  its  coloar,  degree  of  fiudbilit;,  hudnees, 
tenacity,  and  so  on. 

In  practice  the  different  rarieties  of  cast  iron  when  in  the  pig, 
that  is,  as  they  are  sent  &om  the  Hmelting  fomace,  are  distangnished 
b;  the  colour  and  general  appearance  shown  by  newly  broken 
surfaces ;  these  exhibit  eyeryTariatian  &om  dark  grey  to  dead  bard 
white. 

All  cast  irons  are  not  available  fi»  fonndry  porposes ;  those 
preferred  are  irons  which  become  sufficiently  fluid  npon  fosbn  to 
fill  erery  part  of  the  monlds  into  which  tbey  are  poured,  which 
shrink  bnt  slightly  npon  cooling,  which,  once  in  a  solid  state,  admit 
of  ea^  manipnlation,  and,  whilst  satisfying  these  conditions,  possess 
sufficient  strength  for  the  pnrpoee  to  which  they  are  to  be  applied. 
Theee  different  qnalities  are  found  combined  in  a  higher  degree 
in  grey  cast  iron  than  in  white  irons,  and  the  former  are  therefore 
most  generally  used  for  foundry  work. 

Grey  iron  merges  into  white  iron  by  imperceptible  degrees,  and 
in  some  irons  the  two  are  clearly  developed  in  the  &aotiire  of  one 
and  the  same  pig ;  it  ia  then  called  moiOed  iron,  and  this  is  fre- 
quently of  great  strength.  Some  seven  or  eight  classes  may  he 
found  running  from  clear  white  at  the  one  extreme  to  dense  grey 
at  the  other,  and  each  class  is  ccnnmercially  reocgnized  by  a 
distinctive  nnmber,  No.  8  being  the  whitest,  6  the  mottled,  and  the 
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of  thecasting  still  retainmg  its  grey  colour.  If  it  is  desired  to  soften 
a  casting  which  is  too  hard  to  be  turned  or  bored,  this  can  be  done 
by  heating  the  casting  for  several  honrs  in  a  mixture  of  bone-ash, 
and  coal-dust,  or  in  common  sand,  and  allowing  it  to  cool  slowly 
whilst  still  imbedded  in  these  bad  heat-conducting  materials. 

Grey  cast  iron  requires  a  higher  degree  of  heat  before  it  com- 
mences to  fuse,  but  becomes  yery  liquid  at  a  sufficiently  high 
temperature,  so  as  easily  to  be  run  into  moulds. 

White  cast  iron  is  not  so  well  adapted  for  casting,  as  it  does 
not  flow  well;  it  is  rather  pasty  in  consistence,  and  scintillates 
as  it  flows  firom  the  furnace  to  a  much  greater  extent  than  grey 
iron. 

White  cast  iron  is  silvery  white,  either  granular  or  crystalline, 
difficult  to  melt,  brittle,  and  excessively  hard. 

This  quaUty  of  iron  is  obtained  by  using  a  low  temperature  and 

neous  chemical  compound  of  iron  with  from  2  to  4  per  cent,  of 
carbon,  and  is  well  suited  for  forge  purposes,  to  which  it  is  generally 
appUed. 

Granular  cast  iron  can  be  converted  into  grey  cast  iron  by 
fusion  and  slowly  cooling ;  whilst  grey  cast  iron  can  be  converted 
into  granular  white  cast  iron  by  fusion  and  suddenly  cooling. 

Crystalline  white  cast  iron  is  harder  and  more  brittle  than  the 
granular,  and  is  not  capable  of  being  converted  into  grey  cast  iron. 
This  variety  is  too  brittle  for  use  in  machinery. 

The  general  composition  of  the  three  principal  varieties  of  cast 
iron  is  shown  by  the  columns  marked  F  G  H  in  the  following 
table;  while  in  column  A  is  indicated  that  of  the  South  Wales 
cinder  pig ;  B,  common  white  pig  from  the  same  locality ;  G,  mottled 
iron  made  with  charcoal  and  cold  blast ;  D,  Dowlais  No.  3  best  mine 
pig ;  and  E,  Cleveland  No.  2  foundry  pig. 

Grey  cast  iron  contains  about  1  per  cent,  or  lees  of  carbon  in 
chemical  combination  with  the  iron,  and  from  1  to  4  per  cent  of 
carbon  in  the  state  of  graphite  in  mechanical  mixture.  The  larger 
the  proportion  of  graphite,  the  weaker  and  more  pliable  is  the 
iron. 

No.  1  contains  the  largest  proportion  of  graphite;  it  is  dis- 
tinguished in  appearance  by  great  smoothness  on  the  surface  of  the 
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[Hg,  and  is  the  moet  eaeil;  fosible,  prodacee  the  fineet  and  most 
accmato  castingB,  but  is  deficient  in  hardnees  and  strength,  in 
which  it  is  inferior  to  Nob.  2  and  3. 

It  is  indeed  charged  with  caihon  to  excess,  and,  when  tnmed, 
free  carbon  may  be  obsarred  flying  off  like  powder.  The  crystals 
are  large,  extending  over  the  entire  fractnred  snrfoce,  which  shows 
a  characteristic  bloe-grey  colour  and  coarse  grain.  When  laxtken, 
the  pig  does  not  ring,  but  Mis  asunder  with  a  dnll  leaden  soond, 
and  it  usoally  breaks  very  evenly,  showing  but  little  tenacity. 
'When  fluid  it  is  marked  by  a  notable  absence  of  either  sparks  or 
splashes.  The  suriace  is  dark  and  slu^ish,  and  as  it  cools  it 
becomes  covered  with  a  thick  sonm,  which  is  a  source  of  much 
waste.  Used  very  hot,  as  when  melted  in  a  crucible  and  air 
furnace,  it  is  so  fluid  that  it  will  run  into  the  finest  and  most 
delicate  moulds.  This  property,  as  already  remarked,  peculiarly 
adapts  No.  1  foundry  pig  for  the  purpose  of  small  thin  and  orna- 
mental castings,  and  anything  that  requires  a  minute  adaptation  of 
the  m^al  to  the  mould.  No.  1  is  not  c^ten  employed  by  itself,  but 
commonly  as  an  admixture  with  scrap. 

Tablb  1. 
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strong  ornamental  castings.  Melted,  it  is  seen  to  be  of  a  clear 
reddish  white  colour,  splashing  little  when  ponred  into  the  ladle. 
There  is  a  scnm  and  a  sluggish  flow,  but  not  tb  the  same  extent  as 
with  No.  1.  When  being  run  into  the  mould,  it  breaks  over  the 
edge  of  the  ladle  in  large  sheets,  leaving  behind  them  long  narrow 
lines  running  from  side  to  side.  As  the  iron  cools,  these  lines  open 
in  various  directions  until  the  surface  is  in  lively  motion,  lines 
intersecting  each  other  in  every  direction.  This  activity  continues 
until  the  surface  becomes  stiff  or  pasty,  but,  on  removing  this 
covering,  these  lines  are  again  seen  flitting  over  the  surface. 

No.  3  is  the  most  extensively  used  foundry  iron,  owing  to  its  being 
a  medium  between  the  extremes,  which  can  therefore  be  used  for  a 
variety  of  purposes.  It  has  less  carbon  than  the  other  two  kinds, 
and  possesses  less  fluidity  when  melted ;  it  is  also  more  minutely 
grained,  and  smoother  in  the  fracture  than  No.  2.  The  broken 
surface  shows  a  slightly  mottled  appearance  at  the  margin,  while 
at  the  centre  there  is  a  regular  arrangement  of  smaller  crystals 
comparatively  compact  and  dense.  As  it  flows  into  the  ladles  there 
is  a  display  of  sparks  flying  in  various  directions,  and  an  absence 
of  scum,  the  sur£ace  being  clean.  Figures  are  sUghtly  visible  at 
surface,  but  are  small,  and  pass  off  entirely  as  the  metal  cools.  It 
possesses  a  greater  degree  of  toughness,  as  well  as  hardness,  and 
turns  out  strong,  durable  castings ;  it  is  therefore  selected  for  parts 
liable  to  great  and  sudden  strains,  and  exposed  to  constant  wear 
and  tear;  tram  plates,  for  example,  heavy  shafts,  wheels,  and 
ordinary  steam  cylinders,  where  large  quantities  of  scrap  are 
available.  It  is  the  opinion  of  many  founders  that  a  considerable 
advantage  can  be  gained  by  a  liberal  use  of  No.  3,  in  conjunction 
with  a  smaller  mixture  of  good  soft  pig  iron. 

No.  4  foundry  iron,  as  it  is  called,  when  fractured,  is  more  or 
less  mottled,  with  a  whitish  glossy  appearance.  The  pig  is  difficult 
to  break,  and  the  fracture  uneven,  indicating  a  considerable  amount 
of  tenacity.  When  melted  very  hot  it  has  a  clean,  glowing  surface, 
and  as  it  is  poured  it  throws  out  showers  of  sparks  in  all  directions, 
which  continue  to  break  into  small  particles,  and  fuse  during  their 
flight.  This  phenomenon  is  peculiar  to  this  description  of  iron, 
but  may  be  observed  with  other  irons  which  have  been  very  much 
exposed  and  oxidized  by  the  atmosphere.     While  still  in  a  melted 


V  FOUNDIKQ  AKD  OAltrDIO. 

state  a  constant  Bnceeaaion  of  smaU  globules  rise  to  the  sutfJEioe,  tbeee 
expanding  gradually  and  eeeming  to  m^ge  b;  degrees  into  the 
molten  mass,  being  replaced  continnall;  vbile  the  iron  remains  flnid. 
On  cooling,  the  sorfaoe  is  foond  covered  b;  thin  scales  of  onde. 
No.  4  irill  be  found  applicable  to  rery  heavy  castings,  sncb  as 
girders,  bed  platoe,  engine  beams,  plain  columns,  and  the  like,  espe- 
cially where  there  is  little  after  machine  manipulation  necessary. 
It  is  obvionsly  ill  adapted  for  light  casting,  as  its  denaty  renders  it 
ill  adapted  hr  filling  delicate  moulds.  The  pnrdy  whito  irons  are 
entirely  nnsnitable  for  fbnndry  pnrpoees,  and  are  therefore  beyond 
oar  consideration  here. 

The  following  remarks  upon  some  points  which  we  have  already 
treated  of  may  aid  in  ronghly  estimating  the  qnality  of  a  cast  iron. 

When  the  colonr  is  a  uniform  dark  grey,  the  iron  is  tongb, 
provided  there  be  also  high  metallic  lustre;  bnt  if  there  be  no 
metallic  lustre  the  iron  will  be  more  easily  crumbled  than  in  the 
former  case.  The  weakest  sort  of  oast  iron  is  where  the  fractore 
is  of  a  dark  colour,  mottled,  and  without  lostre. 

The  iron  may  be  accounted  hard,  tonacions,  and  stiff  when  the 
ocdonr  of  the  fracture  is  lightish  grey,  vritb  a  high  metallic  Instre. 

Whrn  the  colour  is  light  grey,  without  metallic  lustre,  the  iron 
IB  hard  and  brittld. 

When  the  colour  is  dull  whito,  the  iron  is  still  mote  hard  and 
brittle  than  in  the  last  case. 
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aspect  of  its  Bwcbce.  The  mass  of  fluid  seems  to  undergo  a  drcii- 
lation  within  itself  having  the  appearance  of  ever  varying  network. 
When  this  network  is  minutely  suhdivided,  it  indicates  soft  iron. 
If,  on  the  contrary,  the  iron  be  thrown  up  in  large  convolutions, 
the  quality  of  the  metal  must  be  hard. 

There  are  many  individual  exceptions  to  the  ordinary  classifi- 
cation of  pig  iron,  which,  although  a  matter  of  great  convenience, 
is  so  £Ekr  artificial,  inasmuch  as  iron  varies  in  quality,  measured  by 
the  minuteness  of  the  grain  and  foreign  admixtures,  by  minute 
graduations  between  the  two  extremes.  Considerable  latitude  is 
therefore  allowed  in  the  classification  of  pig  iron. 

"Scrap"  or  the  broken-up  fragments  of  every  conceivable 
article  which  cast  iron  is  employed  to  make,  is  as  variable  in  com- 
position as  can  well  be  imagined.  A  general  characteristic  is  that 
it  can  be  melted  with  less  fuel,  as  it  is  deficient  in  the  thick  silicious 
skin  which  usually  covers  the  pig,  and  more  can  be  melted  in  a 
given  time,  as  the  silica  necessitates  a  liberal  use  of  limestone  or 
some  other  'flux,  by  which  course  damage  frequentiy  occurs  to  the 
lining  of  the  cupola.  It  should  be  observed  that  "  scrap  "  has 
become  altered  &om  its  original  composition  as  often  as  it  has  been 
remelted,  for  on  every  cooling  the  parts  nearest  the  surface  become 
white  and  hard,  that  is,  to  some  extent  chilled,  and  containing,  there- 
fore, more  combined  carbon  than  before,  and  hence  its  common  daily 
use  as  an  addition  to  soft  pig,  in  order  to  confer  upon  the  latter  greater 
hardness  and  doeer  grain.  It  is  a  mistake,  however,  to  suppose 
that  &  casting  made  with  fine-grained  scrap  will  have  a  finer  grain 
than  that  of  the  pig  employed  to  make  it,  for  it  is  obvious  from  a 
slight  consideration  of  the  laws  of  crystallization,  alluded  to  at 
page  23,  that  the  fineness  of  the  grain,  that  is,  of  the  crystals 
in  a  finished  casting,  materially  depends  upon  its  size  and  the  rate 
at  which  it  cools. 

It  may  not  be  out  of  place  here  to  refer  to  the  erroneous  idea 
that  repeated  meltings  improve  the  quality  of  cast  iron ;  in  fact, 
with  many  cases  it  is  quite  the  reverse.  Sir  William  Fairbaim 
gave  this  fedlacy  to  the  world  some  years  since,  and  going  forth  as 
it  did  under  the  sanction  of  his  name  and  justly  regarded  reputation, 
it  has  been  repeatedly  received  as  an  established  fact.  To  that  great 
master  of  the  founders'  art,  Bobert  Mallet,  is  due  the  disproval 
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of  IVurbum'a  ooooltiaocB,  and  the  true  view  of  the  m&ttei.  Mallei 
Bays:— 

"  Every  melting  mizee  it  np  with  more  or  lees  finely  divided 
ozidea  snd  silicatea,  in  addition  to  which  the  earths,  irhich  are  met 
with  in  the  materials  of  the  inmace,  the  fuel  and  the  flux,  often  get 
reduced,  and  their  bases  in  minute  quantity  alloyed  with  the  iron. 
The  conjoint  effect  of  the  foreign  bodies  and  diffused  oxides  is  to 
prevent  the  metal  nmning  clean  in  the  moulds,  or  making  sharp, 
sound  castings ;  and  the  eSect  both  of  the  diShsed  oxides  and  of 
the  alloy  with  the  metals  of  the  earthy  bases,  is  &eqnently  to  sen- 
sibly impair  the  ultimate  cohesion  of  the  cast  iron. 

"  These  evils  are  maslced,  or  rather  may  be  oocasionally  masked, 
by  the  increase  of  hardness,  the  approach  towards  white  cast  iron, 
which  is  produced  by  each  successive  cooling ;  but  the  combined 
efiect  is  not  that  of  improvement  in  the  metal  as  a  stmctnral 
material,  bat  a  deterioration ;  for  althongh  it  is,  as  is  well  known, 
a  fact  that  the  ultimate  cohesion  of  white  cast  iron  is  much  greater 
than  that  of  grey  or  darker  oolouied  metal,  its  coefficient  of  exten- 
silnhty  at  mptnre  is  a  great  deal  leas ;  in  other  words,  the  white 
oast  iron  is  stionger,  but  not  so  tough. 

"  For  these  reasons,  as  well  as  others  affecting  the  &cility  and 
perfection  with  which  hard  white  cast  iron  is  moulded,  it  is  to 
mislead  the  practical  iron  founder  to  tell  him  that  the  oftener  he 
melts  and  casts  his  good  pig  iron,  up  to  '  thirteen  times '  at  least. 
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foieign  bodies,  Jhaying  more  powerful  affinities  and  in  larger  qnan- 
titiesy  are  presented  to  the  cast  iron  in  the  fdmaoe ;  we  may  add 
also,  as  the  nature  of  these  bodies  shall  be  more  or  less  injurioos 
when  combined  therewith ;  and  as  respects  the  cooling  are  more 
rapid  in  proportion  as  the  rate  of  cooling  is  more  so.  3rd.  The 
conjoint  effect  of  repeated  and  alternate  melting  and  cooling  thns 
may  or  may  not  reerdt  in  a  material  posBessmg  a  higher  coefficient 
of  ultimate  cohesion  at  rupture,  but  will  always  result  in  one  more 
brittle,  and  thus  of  less  in  place  of  greater  structural  value.  As 
respects  the  properties  of  the  material  in  the  iron  founder's 
yiew,  its  moulding  properties  are  always  deteriorated.  4th.  If 
the  cast  iron  at  the  commencement  be  assumed  to  be  very 
bright  grey  mottled  iron,  or  white  iron,  then  it  is  certain  that 
the  effects  of  every  subsequent  melting,  under  the  ordinary  con- 
ditions of  cupola  or  air  furnace,  must  prove  deteriorative,  and 
that  only." 

The  principal  and  most  objectionable  impurities  found  in  iron 
and  steel  are  sulphur,  phosphorus,  silicon,  calcium,  and  magnesium. 
Sulphur  and  calcium  make  iron  brittle  at  a  red  heat ;  this  is  called 
''  red-short "  iron ;  phosphorus  and  silicon  make  it  brittle  at  low 
temperature ;  this  is  known  as  "  cold-short "  iron. 

The  latter  is  the  greater  defect  of  the  two.  To  avoid  sulphur, 
use  fuel  which  is  &ee  from  sulphur ;  iron,  which  has  been  smelted, 
or  puddled  with  charcoal,  or  with  coke,  that  is,  free  from  sulphur,  is 
the  strongest  and  toughest.  Hence  the  high  estimation  in  which 
"  charcoal "  iron  is  held. 

Phosphorus  comes  either  from  phosphate  of  lime  contained  in 
the  ore,  the  fuel,  or  the  flux,  or  &om  phosphate  of  iron  in  the  ore, 
phosphorus  being  most  abundant  in  those  strata  where  animal 
remains  are  found. 

The  presence  of  calcium  and  silicon  can  only  be  avoided  by 
the  use  of  ores  that  contain  neither  silica  nor  lime,  such  as  pure 
haBmatite,  or  pure  magnetic  iron  ore. 

Silicon  makes  iron  brittle  and  hard,  and  has  a  similar  effect  on 
it  as  phosphorus ;  it  is  constantly  found  in  cast  iron ;  hot-blast  iron 
has  more  silicon  usually  than  is  found  in  cold-blast  iron. 

Alloys  of  iron  are  but  of  small  importance  to  the  founder.  The 
following  may  be  briefly  noted ; — 
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OIironutUD  does  not  readil;  combine  vitb  iroii,  which  it  canBes 
to  be  ezceesTely  haid. 

Arsenic  imparts  a  fine  white  oolonr  to  iron,  but  makes  it 
brittle. 

Gbld  (xmtlnDefl  very  readily  with  iron ;  it  serree  as  a  solder  for 
small  iron  castings,  sach  as  breast-pins  and  similar  articles. 

Silver  does  not  onite  well  with  iron,  bnt  a  little  may  be  alloyed 
with  it ;  it  causes  iron  to  be  very  hard  and  brittle.  The  alloy  is 
very  liable  to  corroaon. 

Copper,  if  alloyed  with  iron,  is  not  regarded  as  a  bomogeneons 
compoand,  bat  a  small  quantity  of  iron  added  to  brass  incieasefl  its 
tenfdle  strength. 

Tin,  with  iron,  makes  a  hard,  but  beentifal  alloy,  and  can  be 
mixed  in  aby  given  proportions,  which,  if  nearly  half-and-half, 
assumes  a  fine  white  co1onr,'with  the  hardness  and  lustre  of  steel. 

Alloys  of  iron  are  bnt  seldom  used  at  present,  owing  to  the 
easy  and  economical  ways  in  which  it  can  be  gilded,  silvered,  and 
galvBoized,  or  coated  with  other  metals. 

Of  the  various  brands  of  cast  iron  which  are  nseful  to  the 
fbnnder,  Scotch  pig  iron  is  snperior  for  most  purposes  to  any  other 
pig  iron ;  a  little  Scotch  No.  1  will  give  fluidity  to  inferior  brands. 
Gartsherrie,  Coltnees,  Langloan,  Shotte  Ko.  I,  are  in  mnch  demand 
on  this  account.  This  superiority  may  be  partly  attributable  to 
the  varieties  of  ironstone  which  occur  in  Scotland,  and  partly  to 
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of  primary  importance,  and  it  is  also  very  largely  used  in  foundries 
for  casting  into  soft  or  hard  chilled  rolls. 

The  following  list  gives  the  names  of  a  few  of  the  most 
celebrated  British  makers  of  good  melting  pig  iron.  These  have 
been  selected  for  no  invidious  reason,  as  there  are  many  others 
making  excellent  foundry  pig  whose  names  are  unknown  to  the 
vnriter: — 


Roberts  akd  Gompaht  . .  Tipton  Green  Fomaces. .  Make  good 

melting  iron  for  bedsteads,  and 
forge  iron. 

H.  B.  WHiTEHorBE     Prior  Fields,  BilBton.    Best  melters. 

Bowling  Iron  CoiiPAirT    ..      ..  Best  melters. 

J.  H.  Pearson     Windmill  End,  Dndley. 

Cochrane  and  Co Dndley. 

Madelet  Wood  Company        ..  Shropshire. 

W.  Baird  AND  Co Gartsherrie,  Scotland. 

C0LTNE88  Iron  Company    ..     ..  Coltness, 

Wilson  and  Co Summerlee, 

B.  Addib       Langloan, 

W.  Dixon      Govan, 

Merry  and  Co Cambroe, 

Shoits  Iron  Co Shotts, 

Barrow  HiSMATiTE,  Iron,  and  Barrow.    Iron  for  malleable  eastings. 
Steel  Co. 

In  making  ornamental  casts,  strength  is  of  secondary  con- 
sideration, but  in  machinery,  and  girders  for  stmctoral  purposes, 
it  is  of  the  first  importance.  In  foundries  where  machinery  is 
cast,  or  water  pipes,  or  beams  for  bridges,  or  architecture,  there 
should  be  means  of  testing  the  strength  of  their  cast  iron.  The 
safest  and  best  way  of  doing  this  is  to  have  a  standard  pattern, 
say  a  bar  2  feet  long,  I  inch  thick,  and  2  inches  wide.  This 
pattern  is  to  be  moulded  in  a  particular  flask,  with  uniformly  dry 
sand,  and  cast  inclined  at  a  particular  degree.  The  mixture  of 
iron  is  made  in  a  crucible  melted  in  an  air  furnace.  This  proof- 
bar  is  fastened  with  one  end  in  a  vice,  and  at  the  other  end  a 
platform  is  suspended,  upon  which  so  much  weight  is  piled  as  to 
break  the  bar.  Its  deflection  or  deviation  from  the  straight  line, 
or  from  its  original  position,  is  measured.  In  this  way  the 
relatiye  strength  as  well  as  the  degree  of  elasticity  may  be 
measured,  and  the  relations  of  the  strength  of  one  mixture  of  iron 
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to  another  mixtote  axe  decided  with  gieat  praoti<»l  cartunty. 
Under  all  conditioDB  a  mixture  of  Beveral  brands  of  iron  is 
stronger  than  the  average  strength  of  the  whole,  eaoh  taken  by 
itself.  It  ia  rare,  therefore,  to  employ  only  one  kind  of  iron  in  the 
foundry.  Generally  mixtores  are  made,  vatied  according  to  the 
nature  of  the  objects  to  be  cast,  the  work  to  which  they  will  be 
applied,  and  the  strains  to  which  they  will  be  exposed.  It  ia 
the  power  of  making  mixtnres  which  possess  these  qualities,  of 
various  kinds  of  iron  in  the  casting,  that  forms  the  principal 
advantage  of  the  second  fasion.  The  founder  can  thus  modify 
entirely  at  will  the  nature  of  the  metal  according  to  the  exigences 
of  his  work,  and  apply  to  each  object  the  qnality  of  iron  best 
adapted  for  it. 

A  thorough  acquaintance  with  the  different  kinds  of  cast  iron 
and  the  results  obtained  by  their  mixture  constitutes  one  of  the 
qualifications  of  a  good  founder.  It  ie  like  many  other  things  very 
difficult  to  acquire,  and  can  only  be  the  froit  of  numerous 
observations  and  a  lengthened  experience. 

The  kinds  of  pig  iron  which  should  be  mixed,  to  obtain  the 
beet  results,  depend  very  much  upon  the  situation  of  the  foundry, 
and  the  qn^taes  of  iron  which  are  most  easily  and  cheaply 
procured  in  the  immediate  neighbourhood,  and  as  the  nominal 
brands  of  iron  differ  considerably  in  quality  in  various  localitiee, 
only  a   few   general  considerations   can    be    mentioned,    as    in 
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A  mixture  which  makes  a  dose  and  compact  grey  iron  is  the 
best  both  for  strength  and  economy,  but  in  each  instance  proper 
consideration  mnst  be  given  to  the  purposes  for  which  the  iron 
is  required,  as  it  by  no  means  follows  that  a  mixture  which  is 
excellent  for  one  class  of  casting  is  even  tolerably  adapted  for 
another  class.  Thus  iron  which  makes  a  sharp  dear  casting  for 
small  ornamental  work  could  not  with  safety  be  used  for  parts  of 
heavy  machinery,  or  for  beams  and  girders. 

Small  or  ornamental  castings  require  a  fusible  iron,  not  too 
grey,  which  will  soon  solidify  and  take  a  clear  sharp  impression 
from  the  mould. 

Iron  which  is  a  little  cold  short,  containing  a  slight  admixture 
of  phosphorus,  does  well  for  such  work;  whilst  for  railings,  or 
balustrades,  or  other  purposes  where  the  iron  may  be  subjected  to 
rather  sudden  strains,  the  pig  should  be  fine  grained,  and  free 
from  phosphorus. 

In  order  to  obtain  a  metal  having  the  utmost  sUpperiness  of 
suriSace,  manganiferous  iron  is  strongly  recommended.  For  heavy 
castings  where  great  tensile  strength  is  required,  spiegeleisen 
should  not  be  used ;  but  if  an  iron  is  required  that  will  be  good  for 
turning  and  boring,  as  in  the  case  of  steam-engine  cylinders,  a 
manganiferous  iron  must  be  used  in  such  proportions  as  wiU  render 
it  most  suitable  for  undergoing  these  operations.  Spiegeleisen 
alone  does  not  give  the  right  metal,  as  it  contains  from  8  to  10  per 
cent,  of  manganese,  whidx  is  too  large  a  proportion ;  2  or  3  per 
cent,  of  manganese  is  the  best  for  giving  a  good  sUppery  surfSace, 
which  will  continue  in  the  best  order  in.  working,  and  is 
consequently  well  suited  for  horizontal,  stationary,  and  locomotive 
cylinders,  and  for  other  sliding  surfaces.  A  metal  possessing  great 
fluidity  in  melting  can  be  obtained  by  a  mixture  of  North 
Lincolnshire  manganiferous  iron  with  haematite  and  a  little  Scotch 
pig ;  this  gives  a  close  metal  which,  though  difficult  to  file,  can 
be  turned  and  bored  with  &cility.  By  the  use  of  the  simple 
ingredient  manganese,  added  in  proper  proportions,  iron  for  the 
exact  character  required  for  steam  cylinders,  slide  valves,  or 
motion  bars,  can  be  obtained. 

While  ordinary  cast  iron  emits  sparks  when  run  from  the 
furnace,  and  often  gives  off  occasional  bubbles  of  gas  during  its 
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cooling,  iron  oontuning  manganese  evolves  so  much  oombnstible 
gas  that  npon  the  Buriaoe  of  the  metal  while  flowing  from  the 
famace  is  a  sheet  of  burning  gas.  While  the  iron  ia  cooling  the 
gas  is  discharged  in  nomerons  jeta  Iron  containing  mai^anees 
retuns  after  stdidification  mncb  mora  hydrogen  than  cast  iron.  A 
specimen  of  each  kind  of  iron  weighing  500  grammes  (17 '  635  oz.) 
heated  in  a  vacnnm  to  1472°  Fabr.,  gave  off  the  fbUowing 
qoantitiee  of  gas : — 

ChuOHil  IiUL  SptcgelelMii. 

Caibonio  sold 06       0-0 

Hydrogen        123       27-0 

CarboDio  oxide        2-8       O'O 

Nitn^en I'O      2-9 

The  carbnretted  manganese  takes  np  much  more  hydrogen  than 
iron  carbnretted  to  the  same  degree.  It  is  seen,  then,  that  the 
presence  of  manganese  in  cast  iron  increases  materisll;  the  occlosion 
of  hydrogen,  and  diminishee  that  of  carbonic  oxide. 

A  very  good  mixtnre  for  strcmg  and  close-grained  cast  iron  for 
steam  cylinders  is  composed  of  8  parts,  by  weight,  charcoal  pig. 
No.  5;  10  parte,  by  weight,  Scotch  pig;  16  parts,  by  weight, 
scrap  iron.  Another  is  made  of  the  following  irons — Blaemtvon 
(cold  blast),  Silverdale  (Madeley  Wood),  Hematite,  No.  7  or  8, 
and  Qlengamock  mixed  with  good  scrap  in  varying  proportions. 

Whero   great  hardness  is  required,  an  excellent  mixtnre  is 
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will  always  bring  its  own  reward  and  substantially  add  to  the 
reputation  of  any  foundry. 

Morris  Stirling  had  a  process  for  making  tough  iron,  which 
consisted  in  putting  pieces  of  wrought  iron  into  cast  iron,  and 
passing  them  through  the  furnace  together.  Most  practical  iron 
founders  have  some  particular  mixtures  of  iron  to  which  they 
attach  great  importance^  and  with  reason,  for  upon  the  judicious 
union  of  different  brands  of  iron  the  ultimate  value  of  the  casting 
for  its  special  purpose  mainly  depends,  and  as  carriage  is  an 
expensiye  item  in  dealing  with  so  weighty  a  material,  that  which 
is  lightest  is,  other  things  being  equal,  the  best  iron  to  employ. 
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ON  80HE  POINTS  TO  BB  OBSE&TED  IN  DSSIQKINa  0ASTINO8,  WITH 
agpBOIAL  BBFBBENOB  TO  THB  OBYSTALLtNE  rOBHATION  OF 
UBTALS. 

It  seems  Bcarcaly  poeedble  to  exaggerate  the  importance  in  dedgning 
castingH,  of  bo  arranging  tlieir  ontlinee  as  least  to  interfere  with  the 
uatoral  laws  of  cryBtallization,  which  come  into  play  dnring  the 
cooling  of  the  melal. 

And  yet  this  vital  point  of  the  fonnder's  bnsinesa  has  received 
bnt  comparatively  little  attention  &om  scientific  authorities,  and 
with  the  exception  of  a  few  able  articles  on  the  sabject  &om 
Bob^  Mallet,  F.R.S.,  and  some  excellent  advice  contamed  in 
Professor  Eerl's  '  Metallorgy,'  there  are  few  works  in  which  it  is 
posfflble  to  find  much  information. 

The  reason  is  not  far  to  seek.  Practioal  hard-working  foonders 
learn  &om  bitter  and  costly  experience  to  understand  what  designs 
are  likely  to  resnlt  in  fattlty  castings,  and  the  exact  points  at  which 
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either  to  iron  or  steel,  when  it  has  undergone  the  prooess  of  either 
rolling  or  hammering,  for  these  so  re-arrange  the  molecules  as  to 
direct  them  from  their  natural  flow,  just  as  when  they  pass  from  a 
liquid  to  a  solid  state.  We  must  therefore  confine  our  attention  to 
metals  passing  from  the  liquid  to  the  solid  condition,  by  the  act  of 
crystallization ;  and  more  particularly  to  cast  iron  and  brass,  for  it 
is  to  these  that  the  founder  bas  most  frequently  to  direct  his  atten- 
tion and  to  exercise  his  skilL  Not  unfrequently  the  founder  gets 
the  blame  when  some  portion  of  a  cast-iron  structure  has  failed, 
even  when  no  defects  are  apparent  to  the  uninitiated.  It  is  asserted 
that  the  founders  have  not  put  good  metal  in  the  casting,  for  that 
it  has  been  calculated  from  a  proper  formula  what  quantity  of 
material  should  carry  the  load  required.  At  the  same  time  it  has 
not  been  considered  in  which  way  the  lines  of  crystallization  flow, 
nor  by  the  addition  of  many  excrescences  to  the  casting,  that  they 
may  have  so  distorted  it  as  to  render  it  comparatively  a  very  weak 
thing. 

Iron  which  has  been  poured  into  a  mould,  on  changing  from  a 
liquid  to  a  solid  state,  becomes  a  mass  of  crystals.  These  crystals 
are  more  or  less  irregular,  but  the  form  toward  which  they  tend, 
and  which  they  would  assume  if  circumstances  did  not  prevent,  is 
that  of  a  regular  octahedron.  This  is  an  eight-sided  figure,  and 
may  be  imagined  to  be  formed  out  of  two  pyramids,  having  their 
bases  together. 

In  Fig.  1  is  a  group  of  crystals  from  pig  iron,  among  which  one 
has,  by  the  aid  of  £EkVourable  circumstances,  succeeded  in  gaining 
the  natural  form.  In  a  perfect  crystal  of  iron  all  the  lines  joining 
the  opposite  angles  are  of  equal  lengths  and  at  right  angles  to  each 
other.    These  lines  are  called  the  axes  of  the  crystal. 

Gonceming  this  formation  of  crystals,  Mallet  observes,  "  It  is 
a  law  of  the  molecular  aggregation  of  crystalline  solids  that  when 
their  particles  consolidate  under  the  influence  of  heat  in  motion, 
their  crystals  arrange  and  group  themselves  with  their  principal 
axes  in  lines  perpendicular  to  the  cooling  or  heating  surfaces 
of  the  sohd,  that  is,  in  the  direction  of  the  heat-wave  in  motion, 
which  is  the  direction  of  least  pressure  within  the  mass. 

''This  is  true,  whether  in  the  case  of  heat  passing  from  a  pre- 
viously fused  solid  in  the  act  of  cooling  and  crystaUizing  on  conso- 
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lidatioa,<ff  of  B  Bolid  not  haTing  a  orystallme  strnctare,  bnt  capable 
of  aaniniiTig  one  apon  its  temperature  being  Bofficiently  raised  by 
heat  applied  to  ita  external  anr&ce,  and  so  paasing  into  it. 

"  For  example,  if  an  ingot  of  snlphar,  antimony,  bismatli,  zinc, 
hard  white  cast  iron,  or  other  dTstalUzable  metal  or  atomic  alloy, 
or  eves  any  Unary  or  other  componnd  salt,  or  hyaloid  body,  as 
soli^de  of  antimony,  calomel,  sal-ammoniac,  rarioos  salts  of  baryta 
and  lime,  ohloride  of  BUver  or  lead,  or  eren  organio  compounds, 
snoh  as  camphor  and  epermaceti,  provided  it  only  be  capable  of 
aggregating  in  a  crystalline  form  nndar  the  influence  of  change  of 
temperatore,  as  from  fusion  or  sublimation.  If  an  ingot  or  mass  of 
any  each  body  be  broken  when  cold,  the  principal  axis  of  the 
crystals  will  alwayB  be  found  ammged  in  lines  perpendicular  to  the 
bounding  planes  of  the  mass,  that  is  to  say,  in  the  lines  of  direction 
in  which  ^  wave  of  heat  has  passed  oatwarda  from  the  mass  in 
tite  act  of  consolidation." 

Kow,  cast  iron  is  one  of  those  crystallizing  bodies  which,  in 
eonsolidating,  also  obeys  law  mote  or  less  perfectly,  according  to  the 
conditions,  bo  that  generally  it  may  be  enunciated  as  a  feet,  that  in 
castings  the  planes  of  crystallization  gronp  themselves  perpendi- 
enlaidy  to  the  snr&ce  of  the  external  contour ;  that  is  to  say,  in  the 
diiecticm  in  which  the  heat  of  the  fluid  cast  iron  has  passed  outward 
from  the  body  in  cooling  and  sohdifying.  This  is  because  the 
B  of  cast  iron  are  always  small,  and  are  never  well  pronounced. 
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the  regularity  with  which  heat  has  been  carried  off  by  oondaction 
fiom  its  snr£BM)eB  tothoeeof  the  mould  adjacent  to  them;  and  hence 
it  IB  that  of  all  castings  in  iron,  those  called  ^chilled/'  that  is  to 
say,  those  in  which  the  fluid  iron  is  cast  into  a  nearly  cold  and 
Tery  thick  mould  of  cast  iron,  whose  high  conducting  power  carries 
off  the  heat,  present  the  most  complete  and  perfect  development  of 
crystalline  stincture,  perpendicular  to  the  chilled  surfiEK»  of  the 
casting. 

In  such  the  crystals  are  often  found  penetrating  to  an  inch  and 
a  half  or  more  into  the  substance  of  the  metal  dear  and  well- 
defined. 

Those  prevailing  directions  of  crystalline  arrangements  may  be 
made  more  clear  by  Figs.  3  and  5,  Plate  I.,  which  are  sections  of 
a  round  and  a  square  bar  of  any  crystalline  solids  or  of  cast  iron, 
when  the  crystallization  is  well  developed,  the  circumstances  affecting 
which  we  shall  consider  fiBurther  on.  In  the  round  bar  the  crystals 
are  all  radiating  from  the  centre;  in  the  square  bar  they  are 
arranged  perpendicularly  to  the  four  sides,  and  hence  have  four 
lines,  in  the  diagonals  of  the  square,  in  which  terminal  planes  of 
the  crystals  abut  or  interlock,  and  about  which  the  crystallization 
is  always  oonfosed  and  irregular. 

Fig.  4,  Plate  I.,  is  a  flat  plate  in  section.  The  direction  of  the 
crystalline  radiation  here  follows  the  planes  of  the  figure,  with  the 
exception  of  one  deviation.  In  it  are  the  same  diagonal  lines  of 
weakness.  The  pairs  of  diagonals,  joining  the  comers  nearest  to 
each  other,  are  joined  by  a  long  line  parallel  to  the  two  long  sur- 
&oe8.  This  ]ine  is  also  a  line  of  weakness,  as  the  lines  in  which 
the  crystals  assemble  in  the  systems  belonging  to  each  surface 
b^in  at  the  surfisK^,  and,  as  the  casting  cools,  elongate  toward  the 
centre.  When  they  meet  in  the  middle  they  do  not  form  continuous 
lines  through  from  one  sur£ace  to  the  other. 

Castings  may  be  made  which  will  not  show  this  peculiar  ap- 
pearance^ and  may  not  have  it  in  any  marked  degree,  but  if  such 
eastings  are  exposed  to  heat  the  crystals  will  change  position,  and 
assemble  in  lines  perpendicular  to  the  surfaces  through  which  the 
heat  entered  the  casidng.  The  greater  the  heat  the  more  marked 
will  be  this  peculiar  structure,  and  the  law,  as  before  stated,  applies 

0  2 


20  .   TomiDiiia  Aim  oiSTnio. 

equally  in  this  case,  all  the  cry^ah  finally  OBsemblmg  in  linee  per- 
pendicnlar  to  the  bomiding  sorfacee  which  were  heated. 

This  can  he  illustrated  in  the  following  manner: — Take  two 
pieces  of  zinc  which  have  been  rolled  into  a  sheet,  and  heat  one  of 
them  jast  below  the  melting  point  To  illnstrate  the  point  in 
qneetion,  it  mnst  be  remarked  that  rolling  any  metal  into  a  sheet 
elongates  each  ciystal  in  a  direction  perpendicniar  to  the  pressure 
exerted  in  rolling,  that  is,  lengthwise  in  the  sheet,  and  if  the  metal 
is  drawn  into  wire,  the  orystals  are  lengthened  in  the  same 
way.  By  bending  the  piece  of  zinc  that  has  not  been  heated,  it 
will  he  found  that  it  is  tough,  and  can  be  bent  many  times  withont 
breaking  the  cryetals  lengthwise.  Take  the  otiier  piece  of  zinc 
that  has  been  exposed  to  heat.  In  it  the  crystals  have  turned 
round,  and  have  formed  themselves  in  lines  perpendicular  to  Qia 
Bur&ce  through  which  heat  entered,  and  it  will  break  when  it  is 
bent.  The  peculiar  crystalline  structure  is  varied  somewhat  by  the 
qualily  of  the  metal  used,  but  it  depends  more  directly  upon 
the  amount  of  heat  passing  out,  or,  in  casting,  upon  the  rapidity 
with  which  the  operation  is  performed. 

It  may  here  be  remarked  that  in  casting  lai^  thin  plates,  soc^ 
as  fiooring  plates,  it  is  the  practice  of  the  fonnder,  when  they  are 
east  open,  to  cover  them  over  with  loose  sand  as  soon  as  the  metal 
ceases  to  be  liquid ;  and  then  to  remove  the  sand,  so  as  to  expose 
the  surface  of  the  metal  to  the  action  of  the  air  in  a  crosswise 


CBY8TALLIZATI0N  IN  0A8IINOS.  21 

confonnation  of  the  castings  and  to  reduce  the  lines  of  cry  stallizaticm 
into  such  forms  as  will  in  some  measure  avert  destructiye  changes. 
In  the  large  circular  plate,  to  which  is  attached  a  large  portion  of  a 
cylinder,  as  seen  in  Fig.  5,  Plate  IL,  it  would  be  most  difficult  to  get 
the  centre  portion  to  cool,  and  thereby  crystallize  in  the  same  ratio 
as  the  outer  edge,  for  the  heat  is  so  much  concentrated  in  the  centre 
that  those  portions  of  the  mould  cannot  be  removed  until  crystal- 
lization has  almost  come  to  resi  It  is  of  great  importance  that 
the  proportions  of  the  metal  should  be  arranged  so  as  to  neutralize 
those  two  divergencies,  and  also  to  reduce  the  lines  to  a  minimum. 
If  a  circular  plate,  9  feet  diameter,  be  cast  and  cut  from  the  edge 
to  the  centre,  as  in  Fig.  6,  the  contraction  of  the  iron  by  crystalli- 
zation gives  an  opening  of  1^  inch.  The  neutral  strain  upon  this 
plate  must  be  very  great,  and  many  such  castings  fly  into  pieces 
upon  the  least  heat  acting  upon  them.  It  is  therefore  necessary  to 
rearrange  its  formation  so  as  to  reduce  the  crystallization  to  a 
Tninimnni-  This  cau  be  douc  by  changing  the  form  from  a  circle 
to  one  of  the  shape  seen  in  Fig.  5,  taking  off  four  sides,  and  thus 
reducing  the  strain.  This  example  shows  how  important  it  is  to 
pay  strict  attention  in  the  following  out  of  natural  laws.  If  all 
those  who  have  the  designing  for  work  would  give  more  attention 
to  such  points  as  those  indicated,  it  would  be  the  means  of  saving 
master  founders  much  money  and  time,  and  the  former  a  great  deal 
of  anxiety  and  trouble. 

Fig.  7.  In  this  diagram  a  section  is  shown  of  a  hollow  cylinder 
in  which  the  arrangement  of  the  crystals  is  always  towards  the 
centre  or  axis  of  the  cylinder,  whether-  the  casting  be  that  of  a 
water  pipe,  a  gun,  or  a  mortar. 

Fig.  8  represents  a  portion  of  the  lower  or  closed  end  of  the 
cylinder  of  the  hydraulic  press,  as  first  made  for  the  purpose  of 
raising  the  tubes  of  the  Britannia  Bridge,  and  which  broke  in  the 
attempt,  the  end  of  the  cylinder  having  given  out  from  the  sides 
as  in  Fig.  9  under  the  severe  water  pressure  to  which  it  was 
exposed ;  that  is  to  say,  the  fracture  took  place  all  round  and  along 
the  plane  of  junction  of  the  coterminous  crystals  formed  perpendi- 
cularly to  the  external  and  internal  surfaces  of  the  bottom  and  of 
the  sides  of  the  cylinder.    This  proves  that  such  planes  of  junction 
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are  jolanes  ofvjeaknea — plBnce  is  wUch  the  adumon  oJT  the  metal 
'  w  less  than  in  any  other  parts  of  the  maaa. 

The  partionliur  fonn  dC  the  bottom  of  the  cylinder  dedgned  I^ 
Mr.  Stephenson  arose,  no  donbt,  from  a  distinct  appreciation  of  the 
&ct  that  the  fracture  of  the  part  waa  in  some  way  connected  with 
the  sharp  and  Bodden  termination  alluded  to,  thoogb  without 
apparently  any  clear  conceptios  having  been  entert^ed  of  the 
ciyaWline  laws  upon  which  the  &ct  depended.  A  new  cylinder 
waa  accordingly  made,  and  a  section  of  a  portion  of  this  is  repre- 
sented in  Fig.  10.  This  stood  the  strain  put  upon  it,  and  remained 
oninjnied. 

I  Here  the  prindpal  axes  of  the  crystals  are  all  directed  to  the 
o^txe.  They  therefore  giadnally  change  their  direction,  and  thns 
no  planes  of  weakness  are  produced.  These  considerations  explain 
die  general  law  as  apphed  to  cast-iron  artillery,  and  which  is  as 
follows : — "  That  every  abrupt  change  in  the  form  of  the  exterior, 
every  salient,  and  every  re-eotering  angle,  no  matter  how  small, 
npon  the  exterior  of  a  cylinder,  gnn,  or  mortar,  is  attended  with  an 
equally  sadd^  change  in  the  arrangement  of  the  crystals  of  the 
metal,  and  tiiat  every  snch  change  is  accompanied  with  one  or  more 
planes  of  weakness  in  the  mass." 

The  natural  remedy  i<yc  this  is  to  avind  all  sharp  angles, 
allowing  the  metal,  when  possible,  to  Sow  in  curved  lines  instead 
of  sharp  square  comers. 
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hydranlio  cylinders  when  a  boss  is  cast  on  whereto  to  affix  the 
connecting  pipe  and  the  primps,  and  also  in  the  tnmnions  of  gnns. 
A  gnn,  like  every  other  metallio  substance  that  £eu1s  nnder  strain, 
mnst  fiftil  in  the  weakest  place,  and  the  jJaoes  of  firactore  and 
position  of  these  planes  of  weakness  coincide  most  remarkably. 
The  condasion,  therefore,  seems  inevitable^  that,  however  incapable 
the  nnaided  eye  may  be  to  discover  any  differences  in  the 
crystalline  arrangements  of  the  various  parts  of  castings,  sach 
planes  of  weakness  do  exist  in  the  positions  and  from  the  caoses 
pointed  out. 

To  obviate  two  nn&vonrable  conditions,  it  is  best  to  cast  a 
cylinder  or  tube  hollow,  to  suspend  the  core  of  the  mould  firom  the 
top  or  head,  insert  a  perforated  tube  down  the  interior  of  the  core, 
and  then  inject  a  current  of  cold  air  into  the  interior  of  the  casting. 
In  America  some  use  water  to  cool  such  interiors ;  cold  air  is, 
however,  as  most  easy  of  application,  less  dangerous,  and  more 
effective.  The  fact  is,  that  by  injecting  cold  air  down  the  core  the 
central  heat  is  reduced  and  placed  on  an  equality  with  that  of 
the  external  surfiace,  thereby  getting  rapid  crystallization.  The 
densities  of  the  outer  and  inner  surfEuses  are  also  thus  made 
uniform  with  each  other. 

Now  as  regularity  of  development  of  the  crystals  in  cast  iron 
depends  upon  the  regularity  with  which  the  melted  mass  cods,  and 
the  wave  of  heat  is  transmitted  from  the  interior  to  its  sur&ce^ 
arranging  the  crystals  in  the  lines  of  least  pressure  in  its  transit, 
so  the  extent  of  development,  or,  what  is  the  same  thing,  the  oze  of 
each  crystal,  depends  upon  the  length  of  time  during  which  the 
process  of  crystalline  arrangement  goes  on,  that  is  to  say,  upon 
the  length  of  time  the  casting  takes  to  cool. 

The  lower  the  temperature  at  which  the  fluid  cast  iron  is 
poured  into  the  mould,  and  the  more  rapidly  the  mass  is  cooled 
down  to  solidification,  the  doser  will  be  the  grain  of  the  metal,  the 
smaller  the  crystals,  the  fewer  and  less  injurious  the  planes  of 
weakness,  and  the  greater  the  specific  gravity  of  the  casting.  The 
very  lowest  temperature  at  which  metal  can  be  poured,  so  as  to  fill 
every  cavity  of  the  mould  without  risk  of  defect,  is  that  at  which 
a  large  casting,  such  as  a  heavy  gun,  a  hydraulic  cylinder,  or  a 
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large  anvil  block,  onglii  to  be  prodneed.  It  is  bere,  howevflr,  tliat 
the  difficulty  d  the  founder  begins,  and  eepecifdly  where  oastinga 
of  a  complicated  form  are  reqmred.  The  point,  then,  is  to  get 
ever;  portion  of  the  mould  filled  vitbont  cold  shots,  or  ooIlectiimB 
of  impniities  uiang  in  the  metal  from  eddies  or  other  obstmo- 
tions.  It  ia  tiins  an  absolnte  necessity  to  have  the  metal  as 
liquid  as  posable,  and  to  get  the  monld  filled  as  rajudly  as  it  can 
be  done,  Founders  know  well  that  accnmnlaticais  of  a  deteriorating 
kind  occur  with  doll  metal  and  alow  running;  and  experience  has 
tangbt  that  castings  are  mncb  more  &ee  fiom  defects,  both  of  ocdd 
shoto  and  impniities,  by  using  hoi  metal,  although  the  crystolliza- 
tion  is  not  bo  perfect  in  heary  castings. 

Irons  are  often  melted  together,  having  different  degrees  ti 
fusibility ;  they  will  perhaps  mix,  bnt  not  combine  properly  with 
oach  other. 

Theee  iroos,  having  difierent  melting  points,  will  shrink  un- 
equally, and  not  having  become  united  into  one  homogeneons  body, 
but  exiatuig  separately,  each  one  will  pull  the  other,  and,  if 
possible,  poll  completely  away,  canaing  the  casting  to  break. 
No.  1  iron  has  a  hig^  melting  point  than  No.  2,  made  from  tha 
same  ores,  and  not  only  do  different  grades  of  iron  shrink 
differently,  bnt  of  caatinga  poured  &om  the  same  mebil  a  small 
casting  will  shrink  mare  than  a  heavy  one.  Ezceea  of  heat  in 
every,  case,  however,  increases  shrinkage.    The  lower  the  melting 
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The  thin  part  naturally  cools  first,  shrinking  down  to  its  final 
dimensions,  leaving  the  thick  portion  still  partially  molten.  When 
the  thick  portion  cools  the  particles  next  to  the  thin  part  at 
A  B  tend  to  contract  away  from  the  part  already  cooL  This  may 
canse  the  thin  part  to  bnckle  ont  of  shape,  but  the  internal  strain 
in  any  case  will  be  snch  that  a  very  slight  blow  will  break  the 
casting  in  two. 
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FUBNAOBS  AND  FCEL. 

Fdbkaos  are  used  in  metallDrgical  operations  either  fat  prodncisg 
pertnanent  changes  in  the  materials  heated,  or  for  preparing  them 
by  softening  and  fiision  for  snbseqnent  breatment.  The  dedgn, 
materials  of  constmction,  and  mode  of  working  dt  fomaces  are  of  a 
Tery  varied  deecription,  but  they  may  be  broadly  divided  into  two 
distinct  branches,  one  in  which  the  Bohd  fuel  is  intermixed  witii  or 
directly  snrroimda  the  materiala  to  be  heated,  the  other  that  in 
which  the  beating  is  done  by  flame,  without  direct  contact  between 
the  metal  or  ore  and  the  solid  fael. 

This  classification  also  applies  to  the  fael  used,  which  is 
eBsestiaUy  diflerent  in  each  of  these  two  branches.  In  the  first 
branch,  say,  for  a  cupola  or  coke  fiimace,  for  melting  steel  or  brass 
in  cmdhlee,  an  intense  local  heat  is  reqairad  in  the  mass  of  the 
fdel  itself,  and  the  heat  developed  on  its  snr&ce  is  praotiadly 
useless.  For  this  class  of  work  the  most  snitable  fnel  is  charcoal, 
coke,  or  anthracite,  oonssting  of  nearly  pure  carbon  vrith  little 
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else  than  carbon  and  mineral  matter  by  placing  it  in  a  thick  bed, 
and  by  introdnoing  with  the  air  reqnired  for  combnstion  a  large 
proportion  of  steam.  The  gases  produced  by  the  decomposition  of 
the  steam,  and  by  the  passage  of  the  air  throagh  the  fdel,  flow 
forward  into  the  mixing  chamber  where  they  ignite. 

In  the  small  furnaces  fired  with  coke,  such  as  are  commonly 
used  for  melting  steel  or  brass  in  crucibles,  the  latter  are 
imbedded  in  the  fuel,  and  a  rapid  combustion  with  a  high  tempe- 
rature is  maintained  round  them  by  closing  the  upper  part  of  the 
furnace  and  connecting  it  with  a  tall  chimney. 

Where,  as  in  smiths*  fires,  the  top  of  the  chimney  cannot 
conyeniently  be  closed  in,  or  where  a  keener  combustion  is  required 
than  can  be  obtained  by  chimney  draught,  air  is  forced  into  the 
furnace  by  mechanical  means. 

Blast  furnaces  and  cupolas  so  arranged  are  largely  used  in 
smelting  the  ores  of  iron,  copper,  and  lead,  and  in  fusing  cast  iron. 
The  fael  and  materials  to  be  acted  upon  are  charged  together  into 
the  upper  part  of  a  vertical  furnace,  and  the  combustion  is 
supported  by  air  forced  in  through  openings  called  tuyeres,  near 
the  bottom.  Such  furnaces  and  cupolas  for  the  production  of  cast 
iron  are  built  of  great  size,  and  require  much  skill  in  designing 
and  construction  to  obtain  good  results,  with  an  economical 
expenditure  of  f ueL 

In  the  flame  furnaces  the  useful  effect  of  the  heat  is  obtained 
by  bringing  a  flame  to  bear  upon  the  material  to  be  heated, 
instead  of  imbedding  it  in  solid  fuel.  Such  a  furnace  is  the 
reverberatory,  which  consists  of  a  fire-grate,  and  a  flame  chamber, 
which  leads  the  products  of  combustion  away  to  the  chimney,  the 
flame  in  its  passage  reverheratinff,  or  being  deflected  upon  the 
material  to  be  heated.  In  the  same  branch  of  furnaces,  though 
widely  different  in  construction,  comes  the  Siemens*  regeneratiye 
gas  furnace,  now  so  largely  used  for  a  variety  of  purposes  where 
a  high  temperature  is  required. 

There  are,  therefore,  three  distinct  classes  of  furnaces,  the 
cupola,  the  reverberatory,  and  the  crucible  or  pot  fomaces,  in  each 
of  which  there  are  many  variations  of  design  to  suit  the  different 
purposes  for  which  they  are  intended.  In  the  cupola  no  metal  but 
iron  is  melted. 
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Copper,  bronze,  btaffl,  Qermau  BUver,  Biher,  gold,  and  tbe 
alloyB  of  these  metals,  are  either  melted  in  oraciblea,  or,  if  dealt 
with  io  larger  qiuuititiea,  in  tbe  ieTeibeiator7  furnace.  The 
fdmaces  and  tools  ore  essentially  tiie  same  for  other  metals  as 
those  described  for  the  smelting  of  iron,  with  a  few  alight  modifica- 
tions in  detail  in  the  cases  of  the  more  fosiUe  metals,  sndi  as  lead, 
tin,  &o.,  which  maj  be  melted  in  iron  pots,  kettles,  or  olay 
omcibles. 

"Fuel  in  the  ordinary  acceptation  of  the  term,  ia' carbonaceous 
matter,  which  may  be  in  the  solid,  the  liqmd,  or  in  tbe  gaseoos 
condition,  and  which,  in  combining  with  oxygen,  gires  rise  to  the 
phenomenon  of  heat"  Soch  is  the  definition  of  Dr.  Siemens  in 
a  valnable  paper  on  Fuel,  and  the  learned  Doctor  goes  on  to  gire 
the  fiidlowing  description  of  its  action  and  power. 

Coomionly  speaking,  this  development  of  heat  is  aooompanied 
by  flame,  because  the  sabstance  produced  in  combustion  is  gaseous. 
In  homing  cool,  for  instance,  on  a  fire-grate,  the  oxygen  of  the 
atmosphere  enters  into  combination  with  the  solid  carbon  of  the 
ooal  and  produces  carbonic  acid,  a  gas  which  enters  the  atmosphere 
of  which  it  forms  a  necesEary  constituent,  since,  without  it,  the 
growth  of  trees  and  other  plants  would  be  impossible.  Bab 
oombuetion  is  not  necessarily  accompanied  by  flame,  or  even  by 
a  display  of  infense  heat.  Tbe  metal  mogneaiam  bums  with  a 
great  display  of  light  and  heat,  but  without  flame,  because  the 
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whereas  in  the  fonner  tiie  rate  of  prodnction  exceeds  the  rate  of 
dispersion,  and  heat  therefore  aocnmnlates  to  the  extent  of  raising 
the  mass  to  redness.  It  is  evident  from  these  experiments  that  we 
haye  to  widen  our  conception,  and  call  fdel  ''any  substance  which 
is  capable  of  entering  into  combination  with  another  substance,  and 
in  so  doing  gives  rise  to  the  phenomena  of  heat." 

In  thus  defining  fuel,  it  might  appear  at  first  sight  that  we 
should  find  upon  our  earth  a  great  yariety,  and  an  inexhaustible 
supply  of  substances  that  might  be  ranged  under  this  head ;  but  a 
doeer  investigation  reveals  the  fact,  that  its  supply  is,  com- 
paratively speaking,  extremely  limited.  The  sun  whose  beams  are 
the  physical  cause  of  everything  that  moves  and  lives,  or  that  has 
the  power  within  itself  of  imparting  life  or  motion  on  our  earth,  is 
made  perceptible  to  our  senses  in  the  form  of  heat ;  but  it  is  fair  to 
ask,  what  is  heat,  that  it  should  be  capable  of  coming  to  us  from  the 
sun,  and  being  treasured  up  in  our  fuel  deposits  both  below  and  on 
the  bqiSbuoq  of  the  earth  ? 

Heat,  according  to  the  *'  dynamical  theory,"  is  motion  amongst 
the  particles  of  the  substance  heated,  which  motion,  when  once 
produced,  may  be  changed  in  its  direction  and  its  nature,  and  thus 
be  converted  into  mechanical  effect,  expressible  in  foot  pounds,  or 
horse-power.  By  intensifying  this  motion  among  the  particles,  it 
is  made  evident  to  our  visual  organs  by  the  emanation  of  light, 
which  is  vibratory  motion  imparted  by  the  ignited  subtance  to  the 
medium  separating  us  from  the  same.  According  to  this  theory, 
which  constitutes  one  of  the  most  important  advances  in  science  of 
the  present  century,  heat,  light,  electricity,  and  chemical  action  are 
only  different  manifestations  of  ''energy  of  matter,"  mutually 
convertible,  but  as  indestructible  as  matter  itself.  Energy  exists 
in  two  forms,  "  dynamic  "  or  "  kinetic  energy,"  or  force  manifest- 
ing itself  to  our  senses  as  weight  in  motion,  as  sensible  heat,  or  as 
an  active  electrical  current;  and  "potential  energy,"  or  force  in 
a  dormant  condition.  In  illustration  of  these  two  forms  of  energy 
take  the  case  of  lifting  a  weight,  say  1  lb.  1  foot  high.  In 
lifting  this  weight,  kinetic,  muscular  energy  has  to  be  exercised  in 
overcoming  the  force  of  gravitation  of  the  earth.  The  pound 
weight,  when  supported  at  the  higher  level  to  which  it  has  been 
raised,  represents  "  potential  energy  "  to  the  amount  of  one  unit  or 
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**  foot  poimd."  Thia  poteDtnl  energy  may  bo  atilind,  ia  impart- 
ing motion  to  nmrhaiiimii,  dniing  its  deeoent,  wherel^  a  unit 
unoont  of  *'  work  "  ia  aocompliabed.  A  pound  of  carbon,  then, 
when  nised  thiongh  the  space  of  1  foot  bom  the  earth,  repie- 
senfai,  mechanically  speaking,  a  nnit  quantity  of  energy,  bat  the 
same  ponnd  of  carbon  when  aepanted,  or,  so  to  speak,  lifted  away 
fiom  oxygen,  to  irhii^  it  has  a  very  poweifnl  attraction,  is 
capable  of  develqiing  no  leea  than  11,000,000  took  ponnds  or  unit 
quantities  of  energy,  wheuerar  the  barrier  (o  their  combiaaticm, 
namely,  exeeasiTe  depresmon  of  temperature,  is  removed ;  in  other 
words,  the  mechanical  eneigy  set  free  in  the  combustion  of  1  lb. 
of  pore  carbon  is  the  same  aa  wonld  be  required  to  rtuse 
11,000,000  lbs.  weight  1  foot  high,  or  as  would  sustain 
the  work  which  we  coll  a  horse-power  dnring  5  honrs  33 
minntes.  In  homiDg  1  lb.  of  carbon  in  the  preeence  of  &ee 
oxygen,  carbonic  acid  is  produced  and  14,500  units  of  heat  (a  onit 
of  heat  is  1  lb.  of  water  raised  throogh  1°  Fahr.)  are  liberated. 
Each  unit  of  heat  is  convertible  (as  proved  by  the  deductions  of 
Mayer,  and  the  actual  measniements  of  Joule)  into  774  units  of 
force  or  mechanical  energy;  henoe  1  lb.  of  carbon  r^ntsentB 
nally  14,500  x  774  =  11,223,000  units  of  potential  energy. 
We  thus  anive  at  the  utmost  limits  of  work  which  we  can 
ever  hope  to  aooomplish  by  the  combustion  of  1  lb.  of  carbon- 
aceous matter. 
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The  actnal  quantity  of  fnel  consumed  in  heating  a  ton  of  iron  np  ta 
the  welding  point,  or  in  melting  a  ton  of  steel,  is  more  in  excess 
of  the  theoretical  quantity  required  for  these  purposes  than  is  the 
case  with  regard  to  the  production  of  steam  power  and  to  domestic 
consumption.  Taking  the  specific  heat  of  iron  at  '114,  and  the 
welding  heat  at  29,000°  Fahr.,  it  would  require  -114  x  2900 
=  331  heat  units  to  heat  1  lb.  of  iron.  A  pound  of  pure  carbon 
develops  14,500  heat  units,  a  pound  of  common  coal,  Bay  12,000, 
and  tha»fore  one  ton  of  coal  should  bring  36  tons  of  iron  up 
to  the  welding  point. 

In  an  ordinary  reheating  furnace,  a  ton  of  coal  heats  only  1  j 
ton  of  iron,  and  therefore  produces  only  ^V  p&rt  of  the  maximum 
theoretical  effect.  In  melting,  1  ton  of  steel  in  pots,  2j^  tons  of 
coke  are  consumed ;  and,  taking  the  melting  point  of  steel  at  3600° 
Fahr.,  the  specific  heat  at  '119,  it  takes  "119  x  3600  ==  428 
heat  units  to  melt  a  pound  of  steel ;  and,  taking  the  heat-producing 
power  of  common  coke  also  at  12,000  units,  1  ton  of  coke  ought 
to  be  able  to  melt  28  tons  of  steel  The  Sheffield  pot  steel-melting 
furnace  therefore  only  utilizes  V&  part  of  the  theoretical  heat  deve- 
loped in  the  combustion. 

Having  thus  briefly  considered  the  theoretical  bearings  of  the 
subject  of  fuel,  let  us  now  see  what  are  the  practical  conditions  of 
the  fuels  adapted  for  our  purposes. 

Table  II.  gives  several  analyses  of  good  coals  for  metallurgical 
purposes ;  No.  1  is  of  a  coal  which  is  coked  in  the  neighbourhood 

Table  II. — Analyses  of  Goal. 


Carbon 
Hydrogen 

Nitrogen 

Bnlpfanr 
Oxygen 
Ash-water 


1 

2 

8 

4 

80-4 

84-57 

78-0 

77-5 

5-7 

4-75 

7-8 

50 

1-2 

115 

1-6 

1-5 

0-9 

0-60 

1-6 

0-5 

5-3 

5-22 

2-8 

91 

6-5 

3-71 

8-2 

6-4 

6 


92-62 

3-95 

/  with  \ 
\oxygen/ 

trace 

2-72 

0-73 


91-5 
3-5 

0-3 

0-6 
2-6 
1-5 


of  Pontypool ;  2  is  of  a  Newcastle  coal  from  Bedheugh  Colliery ; 
3  is  also  from  the  Newcastle  District ;  4  is  Scotch,  and  has  been 
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employed  at  Qartsherrie;  6  and  6  axe  anthracitM  from  South 
Wales. 

The  ftf^licftbilit;  of  any  coal  to  a  paiticnkr  metallurgical 
porpoee  mast  depend  upon  a  carefol  exommation  of  its  action  wlien 
bunimg,  phyeical  characters,  sod  some  each  analyeis  aa  thoee 
that  are  given  in  the  aboTO  examples. 

A  primary  condition  which  any  kind  of  coal  must  faiSi  to 
render  it  fit  £)r  employment  in  iron  mann&ctnre,  whateTer  its 
qnalitiee  may  be  in  other  respects,  is  that  it  shall  he  &ee  &om 
Biil{^nr.  The  presence  of  solphnr  in  iron  is  very  deleterious  to  its 
fLnality,  prodncing  that  state  of  its  constituted  particles  which  is 
technically  known  as  "  red  shortness."  Hence  tite  foel  employed 
in  its  mann&ctnre  must  not  be  capable  of  commnnicatang  this 
substance  to  it.  It  is  mainly  &a  this  reason  that  wood  charcoal  is 
employed  when  iron  of  an  nnnsnally  tough  character  is  required. 
All  coals  ccmtain  sulphur ;  the  purest  &om  ^  to  1  per  cent ;  the 
most  impure,  S  and  even  more  per  cent.  When  the  proportion 
exceeds  1}  per  cent^  the  coal  becomes  nnfit  in  its  raw  state  for 
metaUoi^liioal  purposes.  Thns  the  Tiaible  presence  of  iron  pyiitee 
will  at  onoe  show  the  nnsoitable  character  <^  the  coal. 

When  a  given  specimen  of  the  coal  has  been  proved  to  fiilfil 
this  primary  condition  of  freedom  from  sulphnr,  it  remains  to  test 
its  other  qnahties  which  may  render  it  a  good  metalloigical  coal. 
The  calorific  power  of  a  coal  is,  as  we  have  shown,  proportional  to 
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to  this  use.  The  two  former  dMses  also  possess  two  other  qualities 
which  are  required  in  the  cupola,  but  which  are  not  fonnd  in  bita- 
minons  coal,  namely,  strength  and  freedom  from  a  liability  to  cake. 
The  great  weight  of  the  charge  would  crush  a  tender  coal  to 
powder,  and  an  agglomeration  of  the  mass  would  seriously  impede 
the  draught.  The  yariety  which  best  folfils  all  these  conditions  is 
anthracite,  but  it  possesses  defects  which  go  far  to  render  it  unsuit- 
able. Though  very  strong  naturally,  it  may  be  reduced  by  decre- 
pitation in  the  furnace  to  the  state  to  which  the  weakest  is  brought 
by  pressure.  It,  moreover,  requires,  on  account  of  its  difficult 
combustion,  a  high-pressure  hot  blast,  and  a  special  construction  of 
the  furnace,  to  avoid  a  slow  descent  of  the  charges,  and  a  consequent 
loss  in  the  quantity  of  the  metal  produced.  In  consequence  of 
these  defects,  anthracite  is  not  largely  employed  where  more  suitable 
varieties  are  easily  procurable.  Such  varieties  are  those  of  the 
anthracitous  and  many  of  the  semi-bituminous  classes. 

The  defects  possessed  by  coals  of  the  bituminous  class  may  be 
removed  by  coking.  This  process  expels  the  volatile  matters,  and 
leaves  as  a  residue  the  carbon  and  the  ash.  In  this  cAste,  that  is 
when  converted  into  coke,  provided  the  conditions  of  freedom  from 
sulphur  and  a  large  proportion  of  ash  be  fulfilled,  clear  burning 
coals  of  the  bituminous  dass  are  more  suitable  for  metallurgical 
purposes  than  those  of  the  anthracitous  and  semi-bituminous  classes, 
and  they  are  very  largely  employed.  In  coke,  carbon  attains  its 
maximum  proportions,  and  the  hardness  and  the  strength  of  the 
combustible  their  maximum  degree.  Another  advantage  of  con- 
verting bituminous  coal  into  coke  is,  that  it  allows  the  small  coal, 
which,  as  such,  is  nearly  worthless,  to  be  utilized.  Coals  of  this 
dass  do  not  all  coke  with  equal  readiness,  nor  is  the  coke  obtained 
from  them  of  equal  quality.  Some  varieties  require  a  quick  heat 
to  produce  the  best  results,  while  some  others  will  not  coke  at  all 
after  some  days'  exposure  to  the  atmosphere.  These  peculiarities 
demand  careful  attention.  One  important  gain  from  the  process  of 
coking  consists  in  the  removal  of  the  sulphur  present,  thereby 
enabling  a  coal  to  be  utilized  for  metallurgical  purposes  that  would 
be  otherwise  unfit  for  that  use.  Coke,  to  be  suitable  for  the 
furnace,  besides  freedom  from  sulphur  and  ash,  must  possess  the 
qualities  of  hardness,  compactness,  and  strength  to  withstand  oon- 
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sidfiraUe  cruahing  foioe ;  that  wliich  is  brittle  or  liable  to  cromble 
and  form  diut  is  nseUas  far  the  pnrpcne.  It  is  also  of  little  Taloe 
nnlese  it  can  be  obtained  in  large  priconatio  pieces.  Henoe,  good 
ooke,  on  cooling,  should  aplit  into  ench  pieoee,  somewhat  in  the 
manner  of  ^^Infrmar  basalt.  lis  colonr  ahonld  be  steel  grey,  almost 
approaching  to  a  mlTory  whiteness.  An  indeeoent  hue  im1inRf,fla 
the  presence  of  Bolphur.  When  strode  it  shonld  emit  a  clear  and 
almost  metallio  ring.  Frequently  a  large  proportion  of  moistnn  is 
imparted  to  coke  by  the  thonghtleea  way  in  which  the  extinction 
is  oondocted  by  the  bnmers.  By  the  application  of  large  qnantities 
of  water,  erils  are  entailed  of  the  first  magnitode  in  the  economical 
working  of  the  fmmaoe.  Coke  is  the  common  foel  for  the  cnpola 
in  ooontries  where  Bomi-bitomittoas  coal  is  abimdanl^  while  in 
others,  such  as  the  United  States,  in  which  anthracite  is  the  pre- 
vailing coal,  this  is  largely  employed. 

Other  things  being  equal,  a  compact  hard  coal  is  tlie  best  for 
the  cnpola ;  and  it  shonld  ah»  be  &ee  from  tite  deGsct  of  Fi1«nTnTig 
down  when  heated.  It  shonld  be  borne  in  mind  that  if  infirior 
soft  coal  hu  to  be  used,  a  larger  quantity  is  required.  It  is  a 
&llac7  to  suppose  that  large  coal  is  oondudre  to  good  fonnding ; 
small  ooal,  that  is,  within  reasonable  limits,  if  clean  and  of  good 
quality,  is  by  for  preferable  for  many  reasons ;  one  being  that  the 
iron  with  small  ooal  melts  from  the  bottom  of  the  bed,  as  it  should 
do,  and  80  ensures  good  metal  and  regular  working. 
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CHAPTER  IV. 

THB  cupola;  its  USBS,   ABBAKaEMSNTy   AND  OONBTBUOTION. 

Thx  cnpola  has  the  great  advantageB  of  melting  iron  cheiqper  than 
any  other  fiimaoe,  and  of  being  a  yery  convenient  apparatus,  as 
from  half  a  hundredweight  to  fire  or  six  tons  may  be  melted  in  a 
short  time,  with  a  comparatiyely  small  quantity  of  fuel,  in  furnaces 
differing  only  slightly  in  size  and  form*  Consequently,  in  all 
eases  where  the  strength  of  the  metal  is  not  of  primary  import- 
ance, ibe  cupola  is  the  most  useful  furnace. 

The  cupola^  being  only  int^mittently  at  work,  does  not  afford 
the  same  findlities  for  utilizing  the  waste  heat  passing  off  from  the 
top  as  does  the  blast  furnace.  The  same  reason  also  militates 
against  economy  of  fuel,  as  the  cupola  has  to  be  ^  lit  up  "  yery 
frequency,  an  operation  which  consumes  a  large  proportion  of  the 
fud  used.  Tet  a  well-constructed  and  properly  managed  cupola 
is  a  tolerably  efficient  apparatus,  and  does  not  offer  a  margin  for 
any  yery  material  decrease  in  the  consumpticm  of  fuel,  which,  with 
fidr  materials  and  management,  may  be  taken  to  ayerage  2^  cwt. 
iji  good  coke  to  the  ton  of  liquid  inm,  although  the  work  has  been 
done  with  a  much  smaller  consumption  of  fuel.  The  quantity  of 
coke  that  would  be  required  theoretically  to  melt  a  ton  <tf  cast  iron 
is  only  about  59  lbs. ;  but,  in  addition  to  this  duty,  it  must  be 
raBNnbored  that  a  large  quantity  of  air  has  to  be  consumed  in  the 
shape  of  blast,  and  also  that  a  certain  proportion  of  the  fuel  must 
pass  off  unconsumed,  in  the  form  of  waste  gas  from  the  top.  It 
has  been  proposed  to  utilize  this  gas  by  drawing  it  along  flues  from 
the  top  of  the  cupola,  in  which  flues  tibe  coke  and  pig  iron  were  to 
be  jMreviously  stacked,  so  as  to  be  thoroughly  dried,  and  somewhat 
heii^d  hetcfte  being  charged  into  the  cupola.  Opinions  differ  as  to 
the  amount  of  eocHiomy  that  could  be  ^ected  by  such  an  arrange- 
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ment,  bnt  <me  thing  ia  perfectly  dear,  namely,  thai  if  datnp  ooke 
is  ohatgod  into  a  cupola,  a  certain  amount  of  heat  most  be  irasted 
to  eraporate  that  moisture  before  any  dnty  can  be  obtained  fzota 
the  coke.  Taking  Uie  themetdcal  quantity  of  coke  that  ahoald 
melt  a  ton  of  cast  iron  at  fi9  Ibe.,  and  allowing  10  per  cent, 
for  moisture,  10  per  c^t.  for  loss  1^  radiation,  and  20  per  oeni 
for  waste  heat  passing  away  to  the  chimney,  or  40  par  cent,  addi- 
tion to  59  Ifae.,  we  find  that  in  practice  abont  83  lbs.  of  coke  should 
be  capable  of  melting  a  ton  of  cast  iron,  whereaa  it  frequently 
takes  three  times  that  amount. 

Before  deecaibing  the  construction  of  the  cupolas  now  in  use,  a 
short  account  of  the  cdd-fashioned  rectangular  onpola  will  be  <^ 
serrice,  as  giving  an  oppOTtunity  of  pointing  out  ^oee  defeota  in 
construction  which  led  to  its  b^ng  discarded,  and  which  defects, 
of  course,  should  be  aroided  in  all  modem  fonndries. 

The  old  cupola  was  an  oblong  square  on  plan,  its  longer  sides 
being  in  the  ratio  of  about  2  to  Ij^  of  the  shorter  sides,  and  the 
height  Tarying  &om  3  to  4  times  the  length  of  the  longer  side. 
Its  shape  was  not  one  at  all  likely  to  give  strength,  and  appears  to 
have  been  adopted  for  no  other  reason  than  that  the  fire-bricks  tor 
the  lining  were  then  not  generally  procurable  in  any  other  than 
the  common  square  Form.  The  external  casing  was  formed  of 
cast-inm  plates,  with  flanges  at  the  angles ;  the  sides  were  parallel 
and  rertical,  and  the  lining  of  fire-brick  was  set  in  fire-clay.    The 
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tap-hole  was  then  clofied^  leaying  the  tap-hole  itself  open,  and  blast 
tnmed  on  at  the  two  lowest  tnyere  holes.  Scrap  and  pig  iron, 
a  proportionate  sapply  of  limestone,  and  coke  were  then  supplied 
from  a  platform  by  the  fdmace  man,  until  the  iron  began  to  run 
from  the  tap-hole,  which  was  then  also  closed.  When  the  fiimaoe 
man  saw,  ihrongh  the  tuyere  holes,  that  the  melted  iron  nearly 
reached  the  level  of  the  tuyere  holes  then  in  use,  he  raised  the 
tuyeres  to  the  holes  next  aboye,  carefully  stopping  the  lower  ones. 
This  process  was  repeated  until  either  the  cupola  was  as  full  as  it 
could  safely  be,  or  until  what  was  considered  a  sufficient  quantity 
of  metal  was  ready  to  tap  for  the  work  in  hand. 

The  breast,  which  was  about  12  inches  wide,  by  15  inches  high, 
was  simply  stopped  by  sand,  which  was  occasionally  forced  out  by 
tiie  pressure  of  metal  within. 

Owing  to  the  long  time  occupied  in  melting  all  the  iron  con- 
tained in  these  cupolas,  the  sand  stopping  of  the  tap-hole  frequently 
got  burnt  into  a  hard,  slaggy  substuice,  through  which  the  tapping 
bar  could  only  be  driyen  by  great  force,  and  this  frequently 
farought  away  the  whole  sand  breast,  followed  by  a  rush  of  molten 
metaL 

In  modem  practice  the  cupola  is  built  of  a  cylindrical  form,  the 
casing  being  either  of  wrought-iron  plates  or  of  cast  iron.  When 
the  casing  is  of  cast  iron  it  is  advisable  to  strengthen  it  with 
wrought-iron  hoops,  especially  in  the  case  of  a  large  cupola.  Cast- 
iron  casing  is  most  durable,  and  can  be  made  to  a  neat  design,  with 
projecting  flanges  to  bolt  the  segments  together,  and  upon  which 
the  wrought-iron  hoops  should  be  shrunk  whilst  hot.  The  economy 
of  coke  is  principally  determined  by  haying  the  cupola  of  the  cor- 
rect height  proportionate  to  its  diameter. 

When  the  maximum  diameter  does  not  exceed  4  feet,  the  height 
may  range  from  five  to  six  times  the  diameter.  With  cupolas 
baying  a  larger  diameter  than  4  feet,  the  height  should  not  exceed 
four  to  five  diameters,  up  to  the  feeding  aperture. 

The  objection  to  a  very  great  height  of  cupola  is  the  increased 
timfl  and  labour  inyolved  in  raising  the  materials  for  charging, 
and  whereyer  the  height  is  considerable  efficient  mechanical  arrange- 
ments are,  of  course,  required  for  this  purpose. 

The  diameter  of  cupola  is  also  subject  to  much  variation. 


88  rouNDiHo  AND  OAsruia. 

nagiiig  frott  18  inobes  up  to  4  Uek,  or  eres  larger.  A  copok 
18  ineiiea  vide,  with  ooe  tnyere,  will  make  good  Itot  metal  if 
worked  with  ehanoai,  but  to  work  ntis&otonly  with  coke  nqnins 
a  enpc^  at  leaat  2  feet  diameter  with  two  toTGres ;  and  with  aathiar 
dte  a  cnpola,  to  prodnoe  the  aame  nsali,  should  be  2  fleet  6  ineheB 
diameter.  A  weU-bnilt  cbunnej  should  be  oonnected  to  the  eapola, 
althongh  lot  modetate-si»d  works  a  sheet-inn  chimney  is  geocnlly 
frand  to  answer. 

The  prerailing  icteniff  boriaontal  seotioD  of  the  majority  of 
enpolaa  is,  at  the  present  time,  oironlar,  however  raried  in  otiier 
reqieots  they  may  be.  Figs.  2  and  8,  FUto  III.,  diow  hack  and 
front  eleratioDS  of  a  oommoo  Eoglish  circnlar  cnpola,  ha-ring  its 
interior  stdes  perfectly  pexpeodicolar.  Aba  oonical  sheet-izon 
hood,  commnnicating  with  the  chimney,  with  an  opming  B  fw 
dialling  the  onpola.  0  is  the  casing  of  HoA.  wrooght-iron  plat«e, 
strongly  rireted  together.  J>  are  tnyere  boles,  about  6  indus 
diameter,  the  lowest  bong  plaoed  at  SO  inches  from  the  bottom  of 
the  cnpola,  the  othen  abont  15  inches  apart  in  a  Tertkal  line.  E  is 
the  tap-he^  towards  which  the  bottom  of  the  cnpola  most  have  » 
gentle  sbpe ;  F,  the  iron  base-plate ;  G-,  ibnndation.  A  cnpola  of 
this  ocustmctitm,  9  feet  high  and  8  feet  6  inches  diameter  in- 
■de  the  lining,  is  ct^ble  of  melting  a  charge  of  5  tons  of  oast 


The  fidlowing  are  the  leading  dimensions  of  a  well-oooBbiioted 
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metal  melied^  which  consisted  of  yarioas  mixtoFes  of  develaDd 
htematite  and  Scotch  pig.  The  diameter  was  3  feet  6  indies; 
height  from  tapping  hole  to  charging  floor,  14  feet.  It  was  sup- 
plied with  blast  from  a  blower^  at  a  pressure  of  *  23  lb.  to  the 
square  inch,  and  melted  at  the  rate  of  about  5^  tons  an  hour. 

Fig.  1,  Plate  lY.,  is  a  front  elevation  of  an  ordinary  cupola  of 
large  size,  employed  some  years  ago  in  a  Glasgow  foundry ;  Fig.  2 
is  a  vertical  section  on  a  plane  at  right  angles  to  that  of  Fig.  1 ; 
Fig.  3  is  a  horizontal  section  at  the  tuyeres ;  a  is  the  charging 
door,  about  2  fiset  square,  by  which  the  pig  iron  and  coke  are  in- 
troduced into  the  furnace ;  h  is  the  tapping  hole,  15  inches  square, 
at  which  the  melted  metal  is  occasionally  drawn  from  the  furnace ; 
e  6,  not  seen  in  Fig.  3,  are  the  tuyere  holes  or  apertures  by  which 
the  blast  enters,  to  afford  a  supply  of  air  capable  of  maintaining  a 
sufficiently  intense  heat  in  the  furnace  by  combination  with  the 
fnel.  These  apertures  are  of  considerable  extent  upwards,  so  as  to 
admit  of  the  tuyeres  being  set  at  any  height  required,  which  is 
regulated  by  the  quantity  of  metal  that  may  be  collected  in  the 
furnace;  for,  of  course,  the  tuyeres  must  always  deliyer  the  air 
dear  of  the  sorfEu^  of  the  metaL  The  under  part  of  the  structure 
bdow  the  charging  door  is  the  most  essential  division,  and  is  indeed 
that  which  gives  its  character  to  the  furnace.  The  upper  portion 
is  the  chimney  intended  to  convey  away  the  volatile  noxious 
products  of  the  whole  operation  of  fusion,  being  suffidently  long  to 
pass  out  of  the  roof  of  the  foundry.  The  furnace  is  built  entirely 
of  fire-brick,  and  it  will  be  observed  that  the  trunk  is  encased  in 
cast-iron  plates  bolted  together.  The  casing  is  in  some  instances 
cast  in  one  or  two  entire  cylindrical  pieces,  and  in  other  instances 
it  is  made  of  boiler  plat^  riveted  together.  The  latter  is  un- 
doubtedly the  more  durable  material,  as  it  stands  the  alternate 
expansion  and  contraction  with  much  lees  injury  to  itself.  The 
chimney  is  simply  bound  with  vnrought-iron  belts,  &stened  round 
it  at  regular  intervals.  The  whole  structure  stands  upon  a  square 
base  plate,  of  which  the  centre  is  cut  out  into  a  circular  aperture  ; 
this  plate  is  bedded  upon  brick  or  stone  foundation  represented  in 
the  figures.  As  the  bottom  must  be  protected  from  the  action  of 
the  mdted  metal,  which  collects  there,  it  is  laid  over  with  a  bed  of 
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Band,  mixed  with  wet  loom  to  gire  it  oonsiBtenoy.  Tiaa  is  shown 
is  sectioD  at  d,  IHg.  2.  It  is  coDtinned  over  the  bottom  and  sides 
of  the  spoot  h. 

The  following  are  the  prindpal  dimenoona  (^  this  oapola : — 

ft.  In. 

DlMneter  at  hearth     4  10 

„         ehaiging  flooi       SO 

„          tap  of  chimnej      IS 

Height  from  baae-plate  to  the  sill  of  ohftTging 

door 8    4 

„      bun  doo^dll  to  topof  ehlmnej        ..  IS    0 

The  cnpola.  Fig.  4,  Plate  IV.,  in  general  ametroction  ia  similar 
to  the  preoeding,  bnt  diffim  in  its  interior  form,  which  is  as  nearly 
as  can  be  cylindrical,  as  it  tapers  inwards  but  8  inches  from  the 
base>plate  to  the  charging  door,  a  distance  of  7  feeL  The  dimensiona 
are: — 

n.  la. 
DiaineleT  at  hearth 8    8 

„  top  of  chimney     2    6 

Height  tarn  b««e-pl»te  to  sill  of  ohftrging  door     ..       7    0 
n      fn»ndoor-dll  to  top  of  ohimiKT 16    0 

1%.  1,  Plate  III.,  is  of  a  furnace,  said  to  have  worked  with 
raj  &Toarable  reeolts ;  it  was  termed  an  expanding  capola,  and 
its  peculiar  form  was  dedgned  for  the  pnrpcae  of  retaining  as  much 
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Fig.  a,  Plate  lY.      Fig.  4,  PUt«  IV. 


Fig.  1,  Plate  lU. 


Initial  charge  of  ooke      ..owta. 

Fint  ohaige  of  inm 

Second  chaige  of  coke 
Second  charge  of  iron 
Rmming  consomption  of  coke) 

perton       / 

Coke  required  to  melt  5  tons .. 
Bate  of  melting  per  hoar     tons 
Pressure  of  bhtft  in  ounces 
Diameter  of  tuyeres  in  inches 


The  ooBstrnction  of  Krigar's  cnpola  is  shown  in  Figs.  1  to  4, 
Plate  IX.  Fig.  2  is  a  vertical  section  from  front  to  back;  Fig.  1, 
a  vertical  section  from  side  to  side ;  and  Figs.  3  and  4  are  sectional 
plans  at  different  levels. 

The  vertical  shaft  A  A  of  the  cnpola  is  made  rectangular  in 
form,  either  sqnare  or  oblong,  as  shown  in  the  plan,  Fig.  3,  and 
parallel,  or  very  little  taper  in  height,  so  as  to  avoid  any  promi- 
nent part  npon  which  the  flame  could  strike,  and  which  would  be 
exposed  to  rapid  destruction.  A  backing  of  sand  is  used  behind 
the  brickwork  to  concentrate  the  heat  in  the  cupola.  The  shaft  A 
is  supported  at  front  and  back  by  arches  BB,  over  the  lower 
chamber  0  G ;  and  at  the  sides  of  this  chamber  is  also  a  backing  of 
sand,  as  shown  in  Fig.  4,  to  keep  the  heat  in.  Over  this  backing 
and  round  the  bottom  of  the  shaft  A  runs  the  air  passage  D  D  into 
which  the  blast  is  delivered  from  the  two  mains  E  E,  and  the  blast 
entering  through  this  passage  cools  the  brickwork  in  the  cupola, 
and  becomes  heated  itself;  it  then  passes  down  iato  the  melting 
chamber  0  G,  through  the  two  long  slots  F  F  in  the  roof,  one  at 
the  front  and  the  other  at  the  back,  extending  the  whole  breadth 
of  the  hearth  as  shown  in  the  plans,  Figs.  3  and  4.  These  slots 
are  constructed  by  leaving  a  space  of  4^  inches  width  between  the 
outer  arches  Or  G,  Fig.  2,  and  the  inner  arches  B  B  that  carry  the 
shaft  A ;  the  length  of  the  arch  H,  from  front  to  back,  is  conse- 
quently made  greater  than  the  breadth.  The  front  of  the  cupola 
is  dosed  by  an  iron  door  K  on  hinges,  extending  the  whole  breadth 
of  the  hearth;  and  a  smaller  door  L  is  placed  at  the  back,  to  fiacili- 
tate  the  drawing  of  the  cupola,  by  inserting  a  rake  at  the  back ; 
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1^  this  means  the  drawing  of  the  cnpola  can  be  accomplished 
regalaily  -nithia  tliree  or  fonr  minntAs. 

For  starting  the  cupola,  about  1  to  1^  cwt.  of  coke  is  placed  on 
shavings  or  Bome  boming  coke  upon  the  hearth,  and  more  is  added 
by  degrees  from  the  front  door,  mitil  all  the  coke  intended  for  the 
first  filling  is  pot  in.  The  door  K  is  then  elosed,  being  first  wetted 
on  the  inside;  and  the  tapping  hole  J  ia  formed,  as  nanal,  by 
placing  clay  roimd  a  wetted  aUt^.  The  whole  hmg^t  (rf  the  doOT 
is  next  plastered  on  the  inside  with  a  mixture  of  day  and  sand ; 
the  door  is  &eai  set  forwards  about  5  inchefl  in  front  <£  the  breast 
of  the  fnnutce,  to  allow  space  enough  for  the  fomace  man  to  get 
his  arm  in  for  lining  the  door,  and  the  apace  at  top  is  afterwards 
dosed  with  bricks.  This  mode  of  closing  is  adopted  for  cupolas 
working  with  a  pressure  of  blast  &om  4  to  7  inches  of  w^er ;  but 
where  the  blast  is  stronger  a  wall  of  coke  is  first  built  ap  inside 
the  melting  chamber  C,  and  wetted ;  and  the  door  betng  ^nt  and 
secured  with  wedges,  the  space  between  the  door  and  the  wall  of 
coke  is  then  filled  with  ordinary  foundry  sand,  rammed  ia 

The  amount  of  filling  that  is  put  in  for  starting  the  cupola 
Taries  with  the  size  and  the  quantity  of  melted  metal  that  the 
hearth  is  intended  to  contain  at  once ;  hut  the  amount  is  always 
much  lees  than  is  nsuaUy  employed  in  other  cupolas.  One  of  these 
cupolas,  capable  of  melting  3  tons  of  iron  per  hour,  requires  a  fiJl- 
ing  of  2  j  cwt.  of  coke  for  starting  it,  or  3|  cwt.  when  it  is  intended 
0  keep  the  whole  of  the  metal  in  the  hearth,  to  be  tapped  lill  at 
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however,  to  haye  come  much  into  use  in  England,  and  recent 
German  examples  are  considerably  modified,  being  cironlar  in  section 
and  haying  a  chamber  arranged  where  the  breast  is  placed  in  Fig.  2, 
this  chamber  being  at  a  lower  leyel,  and  practically  acting  as  a 
collecting  ladle,  the  metal  being  run  from  it  through  a  tap-hole  in 
the  ordinary  way. 

The  Mackenzie  capola,  Fig.  1,  Plate  Y,  is  largely  nsed  in  the 
United  States*  It  is  generally  eUiptical  in  plan,  and  the  Uast^ 
instead  of  being  supplied  through  tuyeres,  is  admitted  through  an 
opening  which  extends  completely  round  the  bottom  part  of  the 
cupola.  The  blast  is  led  into  a  chamber  surrounding  the  boshes  of 
the  cupola,  and  fix>m  thence  it  escapes  through  the  annular  opening 
into  the  cupola.  The  cupola  is  fitted  with  a  drop  bottom,  which 
arrangement  is  almost  umyersaUy  adopted  in  the  United  States. 

When  first  started  it  is  necessary  to  employ  a  yery  light 
pressure  of  blast,  but  as  the  melting  proceeds  the  pressure  is 
l»ought  up  to  2j^  lbs.  per  square  inch.  The  blast  is  generally 
applied  about  forty  minutes  after  the  fire  is  lit,  and  iron  b^ins  to 
run  about  twenty  minutes  afterwards. 

American  cupolas  as  a  rule  are  large  in  diameter,  which  is 
an  essential  feature  when  anthracite,  the  fuel  most  common  in 
America,  is  used.  An  arrangement  often  adopted  is  to  haye 
the  sides  parallel,  but  with  a  conyex-shaped  belt  of  the  same 
material  as  the  lining  arranged  just  aboye  the  tuyeres,  this  belt 
e£fecting  the  same  object,  in  our  opinion  but  imperfectly,  as  the 
boshes  in  such  forms  as  those  of  Ireland  or  Yoisins. 

The  two  Mackenzie  cupolas  employed  at  the  Altoona  Wheel 
Foundry,  United  States,  which  is  illustrated  amongst  our  plates, 
are  nearly  rectangular  in  section,  one  measuring  7  feet  6  inches  by 
3  feet  6  inches  at  the  boshes,  and  8  feet  6  inches  by  4  feet  6  inches 
at  the  largest  part ;  the  distance  &om  the  tuyeres  to  the  charging 
leyel  is  9  feet  6  inches.  These  tuyeres  form  the  characteristic  con- 
tinuous opening  1^  inch  wide,  and  extend  round  the  cupola,  at  a 
height  of  8  inches  aboye  the  bottom  when  the  latter  is  ready  for 
charging.  No  flue  is  employed  in  melting  the  charges,  and  no 
proyision  is  made  for  tapping  the  slag.  The  ayerage  quantity  of 
metal  that  can  be  run  from  each  of  these  cupolas  before  the  tuyeres 
become  so  clogged  as  to  impair  the  working,  is  63,000  lbs.    The 
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dutigmg  stage  of  these  ci^xslaB  ia  placed  15  feet  6  iuchee  abore 
the  floor  lerel,  and  is  formed  (^  iron  plates,  the  dhaxgee  being 
raised  by  an  hydianlio  lift. 

Ireland's  cupola  is  bnilt  with  boshes,  and  has  a  cavity  of 
enlarged  diameter  below  them,  bo  as  to  gire  increased  capacity  for 
the  liqnid  iron.  In  his  first  patent  there  are  described  two  ranges 
of  tnyeres,  ordinary  ones  at  the  bottom,  and  smaller  bat  more 
nomerons  tnyeres  abore  the  boshes,  which  latter  it  was  proposed  to 
snpply  with  heated  blast. 

Fig.  1,  Plate  YII^  is  a  section  of  one  of  the  earlier  forms  of 
Ireland's  onpolas.  There  are  eight  tnyeres  in  the  upper  row, 
2  inches  diameter  at  the  nozzles,  and  three  tuyeres  in  the  lower 
tow,  which  are  6  inohee  diameter  inside.  The  two  rows  ate 
1  foot  7  inches  apart  from  centre  to  centre  in  the  cnpcda  shown 
on  Figs.  1,  2,  3,  Plate  7,  which  is  21  feet  high  from  the  floor  to 
the  top,  and  4  feet  1  inch  diameter  ontside  the  iron  casing. 

Figs.  '2, 8,  and  4,  Plate  V.,  are  rertical  sections  of  three  cnpolas  de- 
signed by  Ireland,  all  of  whidi  worked  very  BatiBfact<nily.  It  will  be 
Been  that  the  npper  row  of  tayeres  have  here  been  abandoned,  while 
retainii^  the  boshes,  the  general  interior  shape  being  much  modified. 

There  were  two  tuyere  holes  to  each  cnpola ;  the  tnyere  pipes 
were  2  inches  in  diameter,  and  were  not  allowed  to  enter  the  tnyere 
holes.  The  oonsnmption  of  fael  was  from  three  to  tiiree  and  a  half 
hundredweight  of  Newcastle  coke  per  ton  of  iron  melted,  when  the 
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Ireland's  directions  for  the  management  of  each  of  the  above 
cnpolas  were  as  follows : — 

**  The  small  cnpola,  Fig.  2,  Plate  Y.,  must  be  filled  with  coke 
about  half  way  into  the  boshing,  and  then  put  on  about  three 
handsfull  of  limQstone.  Then  put  on  the  pig  metal  across  the 
centre  of  the  fomace,  with  the  ends  of  the  pigs  towards  the 
tuyeres,  piling  up  the  sides  with  scrap,  and  cover  the  whole  with 
coke.  If  the  weight  of  metal  be  20  cwt.  put  on  10  cwt.  at  a 
charge,  proportioned,  7  cwt.  of  pig  iron  and  3  cwt.  of  scrap,  and 
cover  well  with  four  riddles  of  coke.  If  the  weight  of  iron  be 
between  20  cwt.  and  26  cwt.,  divide  it  into  two  equal  charges, 
and  put  between  each  of  the  charges  four  riddles  of  coke.  Put  three 
handsfull  of  limestone  between  every  charge.  If  the  weight  of 
metal  be  30  cwt,  or  up  to  40  cwi,  divide  it  into  three  charges, 
and  put  on  coke  as  above  stated." 

''The  cupola.  Fig.  3,  is  intended  for  castings  up  to  4  tons 
weight  It  must  be  filled  up  6  inches  into  the  boshing  with  coke, 
then  put  on  15  cwt.  of  metal,  10  of  pig  and  5  of  scrap,  and  cover 
with  1^  cwt.  of  coke.  The  second  charge  must  be  15  cwt.  of  pig 
and  5  cwt.  of  scrap,  which  must  be  covered  with  1^  cwt.  of  coke. 
The  third  charge  may  be  increased  to  22  cwt.,  the  fourth  to 

24  cwt,  and  the  fifth  to  25  cwt.,  but  it  is  best  to  keep  the 
charges  at  20  cwt.  and  1^  cwt.  coke.  Put  on  four  handsfall  of 
lime  between  each  charge.  When  the  furnace  is  built  take  care 
that  a  slag  hole  is  cut  about  3  inches  below  the  tuyere.  The 
charges  must  be  put  on  as  described  for  the  small  furnace." 

From  the  cupola.  Fig.  4,  a  12-ton  casting  may  be  obtained. 
Fill  it  up  with  good  coke  8  inches  into  the  boshing.  Then  put  half 
a  riddle  of  limestone.  The  first  charge  to  be  20  cwt.  of  metal, 
pig  and  scrap,  cover  with  1^  cwt.  of  coke ;   the  second  charge 

25  cwt.  and  1^  cwt  of  coke ;  the  third  and  following  charges  in 
the  same  quantities,  until  the  required  weight  of  metal  is  in  the 
cupola,  adding  the  limestone  between  each  charge.  The  best  and 
cleanest  iron  should  be  first  put  into  the  famace,  and  the  worst 
and  most  rusty  of  the  iron  last.  If  the  tuyeres  get  dark,  prick 
them  with  a  small  bar  at  the  sides,  and  by  putting  in  a  little  coal 
they  will  keep  bright  and  dear. 

A  pair  of  Ireland's  cupolas,  described  by  Mr.  John  Femie  in 
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1866,  ue  flhovn  in  Figs.  1  and  2,  Plate  YI.  Each  ftinuoe  is 
capable  of  melting  at  the  rate  of  3  tons  of  iron  an  hoar.  The 
height  ftom  the  doer  to  the  tap  is  27  feet,  and  tmm  the  floor  to 
the  lerel  of  the  charging  door  E  12  feet  6  inches.  The  ehdl  is 
paisUel  from  the  gnnmd  to  ihe  diargiiig  door,  and  thenoe  it 
gradnally  tapeoiB  op  to  the  top.  The  ontedde  diameter  is  4  feet 
6  inches  in  the  cylindrical  part,  and  2  feet  6  inches  at  the  tc^ 
The  inside  diameter  is  2  feet  6  inches  at  the  hotttsn  c^  the  crodUe, 
on  the  cnpola  hearth  L,  contracting  to  2  feet  3  inches  at  the 
springing  of  the  boshes  M  M,  and  S  feet  9  inches  &om  the  boebes 
to  the  charging  door,  whence  it  tapers  to  1  foot  9  inohee  at  the 
top.  The  height  of  the  crucible  is  4  feet  8  inches,  and  c^ 
the  bcahee  1  foot  8  inches,  and  the  height  from  the  boehes  to  the 
charging  door  6  feet  3  inches.  From  the  top  of  the  boehes  to 
the  top  of  the  cnpola  the  lining  is  formed  of  a  single  thu^neeB  of 
fire-bricks,  which  is  qoite  snfiScient,  as  practically  there  is  fonnd  to 
be  very  little  wear  above  the  top  of  the  boehes.  The  centre  of  the 
blast-hole  N  is  2  teet  horn  the  bottom  of  the  cnpola,  and  the  hole 
is  9  inches  in  diameter,  to  admit  a  71^>inch  tnyere.  0  is  a  slag- 
hole,  6  inches  in  diameter,  the  top  of  which  is  lerel  witli  the 
bottom  of  the  tnyere  hole.  P  is  the  tapping  hole,  which  is  made 
in  the  nsnal  mumer. 

In  charging  the  cnpola  in  the  mtoning  a  small  fire  is  fint 
made  at  the  bottom  as  nsnal,  and  then  7  cwt.  of  coke  is  put  in. 
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then  OQntains  6  tons  of  metal  and  15  cwt.  of  ooke,  or  2j^  cwi  of 
coke  pear  ton  of  iron. 

The  first  charge  in  the  afternoon  is  rather  less  than  that  in 
the  morning.  A  portion  of  the  coke  used  in  the  morning  is  sayed, 
and  the  cnpola  being  still  warm  less  is  reqnired  at  starting.  The 
first  charge  is  5  cwt.  of  coke,  after  which  the  charging  is  the  same 
as  in  the  morning,  giving  a  consumption  of  about  2|  cwt.  of  coke 
per  ton  of  iron.  Hence  the  mean  consumption  is  about  2^  cwt.  of 
coke  per  ton  of  iron  for  the  whole  day.  The  charge  of  flux  ccm- 
sists  of  i  cwt  of  Derbyshire  spar,  added  on  the  top  of  the  second 
and  fifth  charges  of  metal,  the  same  being  added  at  eyery  third 
charge  of  metal  afterwards.  The  slag-hole  is  kept  open  nearly  all 
the  time  of  blowing,  and  has  a  spout  from  it,  running  off  into  a 
small  waggon. 

The  repairing  of  the  cupola  is  done  eyery  other  day.  The 
brickwork  just  above  the  tuyeres  becomes  hollowed  out  by  the 
action  of  the  blast,  and  the  cupolas  are  accordingly  charged  only 
every  other  day.  When  24  tons  of  metal  have  been  melted, 
amounting  to  two  days'  work,  the  repairs  that  are  then  ordinarily 
required  take  on  an  average  twelve  to  twenty  bricks,  about  i  cwt. 
of  fire-day,  and  two  or  three  hours'  labour.  The  cupolas  on  this 
construction  at  the  Britannia  Foundry,  where  these  two  cupolas 
were  erected,  have  given  great  satisfeMstion.  They  save  nearly  half 
the  ooke  that  was  formerly  burnt  in  the  cupolas  on  the  ordinary 
construction  that  were  previously  used  in  the  same  place.  *  The 
bricks  used  are  fixHn  Stourbridge,  and  the  coke  is  from  Elsecar. 

The  superiority  of  Ireland's  cupola  over  the  old  construction 
axunsts  in  the  shape  of  the  interior,  the  height,  and  the  perfect 
$jf$iem  of  charging.  Owing  to  the  shape  of  the  interior,  the 
charges  are  k^t  up  by  the  boshes  M  M  alone,  and  as  they 
gradually  descend  the  incline  they  are  melted ;  consequentiy  the 
only  portions  of  the  lining  of  the  cupola  that  are  subject  to  wear 
are  the  boshes  and  the  sides  of  the  crucible.  The  advantage  of  the 
height  of  the  new  cupola  is  evident  when  comparing  it  with  some 
of  the  old  cupolas,  in  which  the  height  from  the  ground  to  the 
charging  door  seldom  exceeds  8  feet,  and  in  many  cases  is  not  more 
than  6  feet,  instead  of  12  feet  6  inches,  as  in  the  new  cupola ;  con- 
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seqnaotly,  a  gieat  pcotioB  of  the  heat  is  lost  at  the  oIutFgiiig  door 
which  is  here  retained ;  aod  as  all  the  heat  has  to  pass  up  thiongh 
the  charges,  the  iroo  ahore  ia  gradnally  wanned  aa  it  desoenda. 

Iq  1866  the  Bolton  Steel  and  Iron  Company  employed  two 
of  Ireland's  onpolas  for  melting  the  iron  tor  their  large  anvil  block, 
which  weighs  205  tons.  The  external  diameter  of  each  of  tiiese 
cupolas  waa  7  feet,  the  diameter  at  the  boahee  3  feet  9  inches,  and 
6  feet  at  the  greatest  diameter  above  and  below.  The  blast  was 
supplied  by  blast  cylioders  at  a  pressnre  of  14  inches  of  water,  and 
was  delirerad  into  t^e  capola  tiiron^  two  ranges  of  tnyeies,  six- 
teen tuyeres  in  the  upper  range,  3  indies  diameter ;  four  in  the 
lower  range,  8  inches  diameter. 

Each  capola  was  enclosed  in  a  caong  of  boiler  plate,  with  an 
external  ur-belt  and  blast-pipee. 

To  iffodnce  the  anvil  block,  220  tons  of  metal  were  melted,  of 
vrhich  8  tons  oonaisted  of  lamps  of  Bessemer  steel,  and  the  time 
oocapied  &om  patting  on  the  blast,  for  melting  the  metal,  and 
filling  in  the  mould  was  10{  hours.  The  consmnption  of  coke  per 
ton  of  metal  melted  was  only  1  cwt  1  qr. — a  very  remarkable 
result,  due  no  doabt,  in  a  great  measnre,  to  the  height  of  the 
cupola,  which  enabled  the  heat  and  gases  to  be  reabsorbed  by 
the  fuel  and  iron  as  they  passed  upwards  through  them  ont  of  tiie 
capola.  This  points  to  the  great  value  of  tall  cupolas,  with  the 
use  of  powerful  and  heated  blast,  and  the  reductioc  of  diameter  at 
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besidoB  a  saying  in  fbrst  cost  of  engine  and  fan,  and  of  all  their 
wear^  tear,  repairs,  and  renewals.  There  are  several  different  modes 
of  applying  the  steam-jet,  but  the  principle  will  be  at  once  under- 
stood from  Fig.  4,  Plate  VII.,  and  Plate  VIII. 

Fig.  4,  Plate  VII.,  has  a  simple  plate-iron  cover,  np  which  the 
steam  jet  A  forces  a  blast.  Just  beneath  the  steam-pipe  is  the 
charging  door  B  with  a  movable  cover. 

The  cnpola  is  shown  in  position  just  outside  the  foundry,  with 
the  metal  spout  passing  into  it  through  an  opening  in  the  wall. 
The  steam  is  brought  to  the  top  of  the  cupola  from  a  boiler  in 
steam-pipes,  properly  covered  to  prevent  condensation.  The  jet  is 
a  simple  nozzle,  similar  to  those  used  in  locomotive  chimneys,  as 
there  is  found  to  be  no  necessity  in  practice  to  regulate  the  draught 
by  any  alteration  in  the  size  of  the  jet. 

The  air  is  drawn  into  the  bottom  of  the  cupola  through 
openings  placed  radially  at  two  different  levels.  In  the  lower  row 
there  are  four  such  openings,  and  in  the  upper  row  there  are  eight. 
Each  of  these  air-inlets  has  a  cover  which  can  be  closed  from  the 
outside. 

The  .charges  are  lifted  to  the  door  B  at  the  top,  and  charging 
can  be  continued  during  the  blowing.  If,  however,  it  is  desired  to 
use  the  cupola  for  continuous  working,  it  is  preferred  to  have  a 
feeding  hopper,  with  a  sliding  door,  to  be  worked  by  a  lever,  as 
shown  in  the  second  arrangement,  Plate  VIII.  The  furnace  is 
charged  as  usual  with  alternate  layers  of  coke  and  iron,  all  the  air- 
passages  being  then  opened.  When  the  frumace  is  at  work  the 
draught  has  to  be  regulated  by  the  furnace  man,  and  care  must  be 
taken  to  close  any  air-inlet  near  which  iron  is  seen  to  accumulate 
in  a  semi-liquid  state ;  the  temperature  near  that  spot  will  soon 
rise  to  the  proper  degree  to  cause  the  iron  to  run  freely,  when  the 
air-inlet  may  be  reopened. 

In  Plate  VIU.  the  steam  is  arranged  to  blow  through  a  side 
flue  into  the  chimney.  The  feeding  hopper  to  the  furnace  a  is 
represented  open,  that  of  b  is  shut.  There  are  eight  air-inlet  holes 
in  the  upper  row,  and  three  in  the  lower  row. 

Beaton's  cupola  is  constructed  by  building  a  tall  stack  on  the 
basis  of  a  cupola,  and  providing  the  latter  with  two  rows  of  large 
tuyeres;   the  heat  and  draught  are  maintained  simply  by  the 
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ascoiBire  power  of  the  hot  air  paaaing  ap  from  the  cupola  and  staek 
at  chinmey.  This  capola  out  scarcely  be  found  advanlsgeoiis  in 
intermittent  working,  as  it  has  to  be  carefully  and  slowly  heated 
op  and  charged  when  first  started,  but  for  continaoiia  working  it 
might  answer. 

We  are  indebted  to  Heesis.  Aitken,  Jessop,  and  Co.,  of  LondoD, 
who  are  the  introdncers  of  it  into  this  country,  for  the  particnlaiB 
of  Ycasin's  cupola,  which  is  folly  illustrated  in  Figs.  1  to  6, 
Plate  X.  It  is  constmcted  of  boiler  plate — in  thick  double 
rireted,  in  this  instance,  and  lined  with  fire-brick  made  to  the 
shape  of  the  interior.  The  bottom  is  arranged  to  drop  after  the 
Americas  plan,  sufficient  space  bung  allowed  beneath  to  acoommo* 
date  a  truck  or  trolly  for  ccuTeying  away  the  broken  bottom  and 
contents  remaining  when  the  liimace  is  "  drawn."  The  blast  is 
supplied  &om  a  belt  completely  sorronnding  the  cylinder  of  the 
boshes,  and  &om  this  belt  two  sets  of  tuyeres,  four  in  each  set, 
delirer  the  necessary  supply  of  air.  It  will  be  seen,  Figs.  5  and  6, 
that  the  lower  set  are  arranged  opposite  and  at  right  aisles  to  tiie 
main,  while  the  upper  set  are  diagonal  to  it.  The  inventco^  claims 
through  this  amtsgement  of  the  tnyeres,  that  the  gaaee  being  bnrot 
in  the  interior  of  the  cnpola,  create  a  second  zone  <£  famou  with 
th<»e  gases  alono.  In  other  words,  the  second  set  of  tnyeres  obviato 
to  soma  extont  the  evil  effect  of  the  formation  of  carbonic  oxide. 
Voisiu'a  cnpola  has  certainly  been  very  sncceBsful,  and  this  more  so. 
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Ihan  4|  tons  of  coke.  The  ooke  used  is  of  inferior  qxuJity, 
mannSBM^red  at  the  schooL  This  cupola  has  heen  at  work  for 
jfour  years.  Fig.  I  shows  clearly  the  constructing  of  the  chaining 
floor,  and  also  the  arrangement  of  the  main  trains  and  stop-Talves ; 
Fig.  3  the  mode  of  construction  of  the  sight-holes. 

A  portable  cupola  with  its  fan  is  shown  in  eleyatioUy  Fig.  1, 
and  in  plan.  Fig.  2,  Plate  XII.,  it  is  formed  of  a  cylinder  A  A,  of 
sheet  iron  iV  of  an  inch  thick,  2  feet  3  inches  in  diameter,  and 
4  feet  6  inches  high,  lined  with  fire-bricks  and  clay  B  B,  in  the 
usual  manner,  4  inches  thick. 

The  cupola  weighs  about  6  cwt.,  and  is  easily  lifted  by  the 
workmen  on  to  a  troUy  and  taken  to  the  place  required,  when  it 
18  lifted  oS  and  placed  on  a  temporary  staging. 

The  cupola  has  a  belt  or  air-chamber  at  C  G,  into  which  passes 
the  air  from  the  &n,  and  it  has  four  tuyeres  of  2  inches  orifice  to 
admit  the  air  to  the  fire.  The  yield  of  metal  from  so  small  a 
cupola  was  great ;  as  much  as  3^  tons  have  been  run  down  in  seven 
hours  by  two  men  turning  the  handles  of  the  fan,  and  nearly 
4^  tons  by  the  use  of  the  engine  in  the  same  time. 

Nxunerous  other  forms  of  portable  cupolas  are  known,  but 
none  of  them  appear  to  be  as  efficient  and  simple  as  that  illus- 
trated, which  was  employed  some  years  since  melting  metal  for  a 
special  purpose  on  one  of  the  large  English  railway  lines. 

Immediately  over  every  cupola  should  be  a  hood,  which  may  be 
smpported  by  a  ring  of  cast  iron  on  pillars  resting  on  the  top  plate 
of  the  cupola,  the  hood  itself  being  of  sheet  iron  or  built  of  good 
red  brick  set  in  fire-clay,  with  a  considerable  taper,  and  having 
hoop-iron  bands  at  intervals  of  from  2  to  3  feet  the  whole  way  up. 

The  common  cupola,  for  the  height  of  about  one  diameter, 
should  have  its  sides  built  parallel,  after  which  they  may  gently 
taper  inwards  to  the  height  where  the  top  plate  receives  the 
pilars  for  supporting  the  hood,  the  whole  being  lined  with  the 
beet  fire-brick,  and  all  the  spaces  between  the  pillars  and  the  hood 
ring  are  also  to  be  filled  in  with  fire-brick,  except  the  opening, 
which  is  to  be  left  between  two  of  the  pillars  for  the  feeding 
aperture. 

The  cupola  may  also  be  lined  with  a  mixture  of  fire-day  and 
river  sand,  firmly  rammed  in,  and  slowly  dried ;  or  with  road  mud, 
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when  obbuned  from  a  mad  maoadamized  with  flint  or  hard  sand* 
stone ;  bnt  the  latter  must  not  be  naed  if  it  contains  any  iron  or 
lime,  and  is  not  to  be  lecommended  as  very  reliable.  The  lining 
should  be  at  least  9  inches  thick,  and  may  be  thicker  if  made  of 
fire-briok.  The  bricks  must  be  set  in  fire-clay  mortar,  conaisting 
of  re&aotory  aand,  and  as  miicli  fire-clay  as  is  needed  to  hold  the 
sand  together. 

'"  For  small  cupolas  a  lining  of  well-iammed  Oannister  may 
be  used^  or  washed  sciapingB  &om  off  flint  roads,  if  in  a  day  district. 

The  material  was  at  one  time  commonly  applied  by  ramming  it 
down  between  the  inside  of  the  cnpoU  and  the  ontdde  of  a  wooden 
block  of  the  same  shape  as  the  cnpola,  bnt  so  much  smaller  as  to 
leave  the  desired  space  for  the  huing.  The  wooden  block  must  be 
so  made  bb  to  1>e  easily  takrai  to  pieces  to  be  remoTed,  on  the 
principle  of  a  bootmaker's  last.  This  plan  is  still  occasionally 
practised,  especially  in  France.  Great  care  is  required  in  drying 
this  lining,  as  it  is  difficult  to  prerent  unequal  drying,  when  parts 
of  the  lining  will  probably  become  detached  the  first  time  it  is  pot 
in  blast. 

It  is  therefore  deddedfy  preferable  to  use  special  fire-bricks,  or 
"  lumps "  for  the  lining,  especially  ol  large  onpolas,  althongh  as  a 
refractory  material,  ganoiater  is  scarcely  to  be  surpassed,  consisting 
of  nearly  pore  silica,  with  a  little  oxide  of  iron  and  alumina. 

In  the  choice  of  fire-bricks  care  must  be  taken  not  to  rely  too 
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chemical  reaction^  such  as  might  be  caused  by  only  a  dight 
variation  in  the  constituents  of  the  day. 

For  the  same  reason  it  is  necessary  that  the  fire-clay  be  kept  in 
a  covered  store,  protected  from  dirt,  rusty  borings,  or  other  rubbish 
likely  to  injure  its  purity. 

The  damp,  loamy  sand  used  for  the  bottoms  of  cupolas  should 
not  contain  much  alumina,  and  should  be  rammed  well  down, 
especially  where  it  touches  the  walls.  It  should  be  about  6  inches 
thick,  at  the  outer  edge,  slightly  hollowed  towards  the  centre,  and 
with  a  good  fall  towards  the  tap-hole. 

When  the  cupola  has  a  movable  iron  bottom,  care  must  be 
taken  not  to  put  so  little  sand  on  it  as  to  risk  burning  the  trap 
away,  whilst  on  the  other  hand  if  the  bottom  is  too  thick  it  will  be 
more  difficult  to  break  down  when  it  is  wished  to  empty  the  cupola, 
especially  if  the  sand  contains  a  large  percentage  of  clay  tending 
to  make  it  bake  hard  and  solid. 

The  tuyeres  for  large  cupolas  may  be  protected  from  the  heat 
to  which  they  are  exposed  in  ihe  same  manner  as  blast-famace 
tuyeres,  but  the  destructive  action  to  which  they  arQ  exposed  is  less 
than  that  which  blast-furnace  tuyeres  have  to  bear,  where  they 
carry  in  highly  heated  blast  into  tiie  furnace. 

The  usual  method  of  protecting  a  tuyere  is  by  keeping  up  a 
circulation  of  cold  water  round  it,  which  is  effected  in  a  variety  of 
ways,  great  care  being  necessary  to  prevent  any  leakage  into  the 
furnace,  a  source  of  much  danger  to  the  men. 

Until  recently  all  the  tuyeres  in  use  since  the  introduction  of 
hot  blast  first  necessitated  a  water  tuyere  may  be  classed  under  two 
heads,  namely,  the  coiled  tuyere  and  the  water-jacketed  tuyere. 

The  coiled  tuyere  is  generally  made  of  a  coil  of  wrought-iron 
tnbe  imbedded  in  the  sides  of  a  hollow  case  of  cast  iron.  Some- 
times the  coils  are  wound  close  at  the  nose  of  the  tuyere,  in  order 
more  efiectually  to  prevent  the  cast  iron  from  burning ;  and  some- 
times the  tuyere  itself  is  formed  entirely  of  a  coil  of  tube,  closely 
wound  from  end  to  end. 

The  water-jacketed  tuyere  is  generally  made  of  wrought  iron, 
and  consists  of  two  conical  tubes  of  different  diameter,  connected 
at  each  end  by  rings  of  wrought  iron  welded  in,  so  forming  a  space 
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between  the  two  coooentiic  walla  of  the  tnyeie,  whioh  is  filled  with 
water  sapplied  under  pressure  and  generally  brought  in  through  * 
feed-pipe  at  or  near  the  bottom  of  the  ti^ere,  and  allowed  to 
escape  throogh  a  seoond  [npe  in  the  npper  side. 

Phoephor-bronze  tuyeres  oie  geneially  fixed  in  a  oaat-ircHt 
casing  or  box,  beyond  which  they  project  into  the  furnace  for  the 
gnater  part  of  theii  length,  and  they  are  bo  amtnged  that  the^ 
can  be  tnmed  roond  in  the  cast-iron  plate  or  box  in  order  to 
expose  a  different  side  of  the  tnyere  to  tiie  action  of  the  materials 
in  the  fiimace.  Greats  durability  ia  olaimed  for  phosphor-bronze 
than  for  gun-metal  or  copper,  but  each  metal  posBeeaes  the  same 
advantage  of  preventing  adherenoe  of  dag,  scoria,  or  iron  to  the 
nozzle  of  the  tuyere,  which  is  the  only  object  to  be  gained  by  the 
nse  of  copper  or  its  aHoyi  in  preference  to  iron.  Additicnal 
precautions  as  to  water  supply  have  to  be  talen  where  such  metal 
is  need ;  as,  owing  to  the  low  temperatoie  at  which  it  melts,  a  ooppw 
tuyere  may  be  more  rapidly  destroyed  than  an  iron  tuyere  where 
any  overheating  is  possiHe,  bnt  nnder  &T0iirable  conditions  boili 
gon-metal,  copper,  and  phoephor-broDze  tuyeres  have  been  found 
veiy  durable,  and  the  advantage  gained  by  keeping  the  blast 
nozzle  always  clean  and  fully  open  is  an  important  one. 

The  open  spray -tuyere  invented  by  F.  H.  Lloyd,  Fig.  4, 
Plate  III.,  consiste  of  two  ooncfflitiic  conical  tubes,  closed  at  the 
nozzle  bnt  open  at  the  rear  end.     The  water  supply  is  c(»mected 
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certiunly  no  greater  than  it  would  be  from  a  tnyere  of  the  old 
system  placed  under  the  same  conditions.  The  spray  is  principally 
directed  to  the  loose  end  of  the  tuyere  and  beats  back  to  some 
extent  on  the  top  and  sides,  which  are  also  protected  by  a  sufficient 
number  of  additional  sprays  from  holes  drilled  in  the  spray-pipes. 
The  water  fsills  round  the  sides  and  end  of  the  tuyere  and  escapes 
from  the  back  through  the  waste-water  pipe  as  shown  in  the 
drawing,  Fig.  4. 

The  number  and  position  of  the  tuyere -holes  very  much 
depend  upon  the  size  of  the  cupola,  the  quality  of  coke,  and  the 
nature  of  the  pig  to  be  employed. 

For  some  small  cupolas,  only  one  tuyere  is  used,  which  is 
placed  at  the  back  of  the  cupola,  about  15  inches  above  the  bottom. 
According  as  the  diameter  of  the  cupola  is  increased,  so  must  the 
number  of  tuyeres  be  increased  around  it  in  the  same  horizontal 
plane  so  as  to  generate  a  uniform  heat  at  all  points  in  the  furnace. 
If  the  cupola  is  of  a  comparatively  small  diameter  several  tiers  of 
tuyere-holes  should  be  arranged,  one  above  the  other,  8  or  10 
inches  apart,  so  that  if  it  is  required  to  melt  a  large  quantity  of 
iron  at  once,  the  tuyeres  can  be  raised  from  the  lowest  range  of 
tuyere-holes  to  the  range  next  above  it,  the  first  range  being 
plugged  with  fire-clay ;  when  the  iron  is  melted  to  the  level  of  the 
second  range,  it  is  also  stopped  up,  and  the  next  higher  put  in 
operation. 

But  the  process  is  much  simplified  by  having  a  cupola  of 
large  diameter  capable  of  holding  a  considerable  quantity  of  liquid 
iron  with  but  a  small  rise  in  height  inside.  There  is  then  no 
necessity  for  more  than  two  or  three  tiers  of  tuyere-holes.  Of 
course,  these  observations  do  not  apply  to  cupolas  furnished  with  a 
belt,  and  only  to  such  forms  as  are  shown  in  Plates  III.  and  lY. 

Assuming  a  cupola  to  be  capable  of  yielding  2  tons  of  liquid 
iron  per  hour,  when  in  good  blast,  with  one  shift  of  the  tuyeres, 
and  that  a  10-ton  casting  is  required,  the  process  would  be  as 
follows : — The  first  2  tons  would  be  tapped  and  run  into  the  ladle, 
when  the  tapping  hole  would  be  closed,  and  blast  again  put  on. 
The  metal  in  the  ladle  would  be  covered  with  about  an  inch  of 
charcoal  dust ;  at  the  end  of  the  hour  the  second  tapping  would 
take  place,  and  melting  again  be  resumed,  until  the  five  successive 
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tappings  ha£  been  taken  from  the  cupola,  and  the  ladle  contained 
the  leqniied  quantity  of  10  tons  of  iron,  of  a  sufficiently  high 
temperatnre  and  liquidity  for  hige  castings.  For  although  the 
first  metal  that  is  tapped  is  somewhat  oooled  b;  contact  irith  the 
cold  ladle,  and  has  to  remain  in  it  for  upwards  of  fonr  hours,  yet 
each  sacoeeBiye  tapping  is  of  a  higher  temperature  than  the 
preceding  one,  as  the  cupola  gets  hotter  the  longer  it  ia  at  work, 
and  the  metal  in  the  ladle  is  therefore  maintained  at  a  sufficiently 
high  temperature. 

It  is  obvious  thai  if  still  Urger  castings  are  required,  the  metal 
can  be  accumulated  in  this  way  in  ladles  &om  two  or  more  large 
cnpoba,  without  the  inconreniences  of  the  shifting  tuyeres,  and 
the  dangers  arising  from  the  pressure  of  great  heads  of  metal 
necessarily  incurred  with  cupolas  of  small  diameter.  There  ia, 
howerer,  a  limit  of  time  in  this  intermittent  proces?.  In  the  first 
place,  it  is  obrious  that  the  metal  must  not  be  kept  to)  long  in  the 
ladle  before  pouring ;  and  in  the  next  place,  slag  will  accumulate 
in  the  cupola,  and  the  yield  of  liquid  iron  per  hour  will  be 
comddsrably  decreased. 

The  air-main  from  the  &n  to  the  cupola  is  provided  with  one 
or  two  upright  cast-iron  pipes,  which  may  either  lead  into  another 
pipe  anrroonding  the  cupola,  or  be  connected  directly  to  the 
tuyeres. 

In  the  first  case  the  pipe  surrounding  the  cupola  has  es  many 
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directed  towards  the  tuyere-hole.  If  it  is  necessary  to  stop  the 
Uast,  the  screw  is  slackened  and  the  pipe  is  turned,  so  as  to  direct 
the  sliding  nozzle  away  from  the  cupola,  or  the  pipe  is  raised  so  as 
to  present  the  nozzle  to  the  next  tuyere-hole.  In  arranging  the 
air-main  from  the  fan  to  the  cupolas,  by-pass  yalves  should  be  so 
arranged  that  the  blast  can  be  shut  off  from  any  one  cupola  at  any 
moment,  without  interfering  with  the  supply  of  blast  going  to  the 
others.  In  some  forms  of  those  furnaces  provided  with  a  belt, 
means  are  provided  for  separating  the  blast  of  the  upper  or  lower 
row  of  tuyeres,  or  agam  from  any  particular  pair  of  tuyeres,  at  wiU. 

It  is  sometimes  advisable  to  have  a  movable  iron  screen  to 
protect  the  furnace  men  from  the  heat  and  smoke  which  issue  from 
the  feeding  mouth  during  windy  weather,  but  however  easily  these 
refinements  can  be  made  to  work,  the  men  seldom  avail  themselves 
of  their  use ;  besides,  when  a  cupola  is  in  blast,  the  furnace  man 
has  to  keep  a  sharp  eye  upon  the  feeding  mouth,  to  regulate  the 
supply  of  materials,  the  proper  combustion,  and  the  uniform  descent 
of  the  iron  and  fuel. 

One  of  the  most  important  modifications  of  late  in  the  con- 
struction of  the  cupola  has  been  the  introduction  of  the  falling 
hinged  trap-door,  shown  in  Yoisin's  furnace,  Plate  X.,  to  allow  of 
the  whole  contents  to  be  dropped  into  a  pit  beneath  the  cupola, 
after  tapping ;  by  this  arrangement  the  cnpola  is  mnch  more  easUy 
and  quickly  emptied  when  ''done  work,"  than  by  the  old  and 
fatiguing  process  of ''  raking  out."  When  this  arrangement  can  be 
adopted,  that  is,  when  there  is  the  power  to  have  a  clear  gangway 
left  beneath  the  range  of  cupolas,  it  is  necessary  to  pay  great 
attention  to  the  proper  arrangement  and  strength  of  the  supports 
for  the  cupolas. 

A  brick  tunnel  for  the  blast-pipes  should  be  built  behind  the 
cupolas,  the  back  and  fronts  of  the  cupolas  should  be  carried  on 
strong  brick  piers,  with  a  vaulted  brick  passage  passing  directly 
under  the  cupolas,  leaving  the  central  portion  of  the  bottom  of  each 
cupola  quite  free.  Light  iron  trucks  running  on  rails  laid  in  this 
passage  will  be  brought  under  any  cupola  that  is  to  be  emptied, 
will  receive  its  load  of  coke  and  slag,  and  will  be  run  away  to  the 
pit,  where  its  contents  will  be  emptied  and  quenched,  preferably  by 
a  hose  and  jet,  so  as  to  avoid  unnecessarily  saturating  the  coke,  as 
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is  doDe  when  it  is  bodily  cast  into  water  tronghs  to  be  cooled,  and 
when  the  coke  is  again  used,  the  whole  of  that  water  has  to  be 
evaporated. 

The  mode  of  forming  the  trap-door  is  as  follows  :^The  brick 
lining  of  the  cnpola  reeta  npon  a  strong  flanged  iron  ring,  which  is 
supported  hy  cast-iion  oolnmns  resting  on  the  brick  piers.  The 
central  ciiealar  apertnie,  as  large  aa  the  interior  of  the  cnpola  left 
bj  this  ring,  is  closed  by  a  wronght-iron  trap-door  hinged  to  the 
back  of  tJie  cupola,  and  secured  in  its  place  by  bolts,  which  can  be 
easily  drawn  by  a  sharp  blow,  so  as  to  let  the  trap  &11  vertically, 
when  the  whole  of  the  contents  of  the  cnpola  will  be  received  in  the 
tmcks  beneath. 

The  trap  being  left  open,  allows  a  cnrrent  of  colA  air  to  pass  np 
through  the  cnpola  and  chimney,  so  that  in  the  course  (^  about 
twelve  hours  the  lining  has  cooled  down  sufficiently  to  allow  the 
men  to  repair  the  lining,  and  put  in  a  fresh  bottom  of  loamy 
sand. 

In  places  where  this  system  cannot  be  adopted,  and  the  raking 
out  of  the  cupola  from  the  front,  on  the  old  plan,  is  to  be  used,  the 
breast  opening  should  be  left  about  2  feet  square,  to  be  closed  by 
a  falling  apron  of  wrought  iron,  having  a  small  opening  left  at 
its  lower  edge  for  the  tapping  hole,  4  or  5  inches  wide,  by  6  or  7 
inches  high. 

When  the  cupola  is  to  be  charged,  the  apron  is  left  fall  open ; 
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When  it  is  desired  to  take  ont  cinder  and  slag  from  the  cupola^ 
after  tapping,  the  apron  is  removed,  and  part  of  the  sand  breast 
broken  away,  and  the  famace  easily  cleared  within. 

In  the  disposition  of  a  range  of  cupolas,  attention  should  be 
particularly  directed  to  placing  them  conveniently  for  access  with 
the  raw  materials,  all  of  which  it  must  be  remembered  have  to  pass 
along  the  charging  platform  to  the  furnace  mouth,  and  are  much 
more  bulky  and  weighty  than  the  output  of  castings. 

It  is  advisable  to  keep  the  cupolas,  the  tapping  floor,  and  the 
charging  platforms,  in  a  separate  building  from  the  rest  of  the 
foundry,  but  communicating  with  it,  and  to  have  it  covered  with  a 
light^;rugated  iron  ro^but  pro;ided  with  means  of  obtaining 
ample  ventilation. 

The  charging  platform  must  be  strong  enough  to  bear  the 
passage  of  the  heavy  loads  of  materials  passing  over  it,  and  of 
sufficient  area  to  allow  of  the  separate  stacking  of  the  coke,  lime- 
stone, pig  and  scrap  iron  employed  in  each  cupola :  also  for  the  fire- 
brick and  fire-day  required  in  repairs  and  hning. 

There  are  various  methods  employed  for  raising  the  materials 
on  to  the  charging  platform,  the  most  costly  and  inconvenient  of 
all  being  manual  labour,  except  in  cases  of  very  small  foundries. 

A  travelling  steam-crane  which  can  be  moved  to  serve  any  one 
of  the  range  of  cupolas,  or  a  hydraulic  lift^  such  as  that  shown  on 
Plate  YI.,  which  will  hoist  a  truck  load  of  coke  or  iron  from  the 
ground  level  to  the  platform,  are  the  arrangements  employed  in 
the  best  works ;  all  materials  reaching  the  charging  platform  pass 
over  a  weighbridge,  and  the  furnace  man  in  charge  has  to  keep  an 
account  of  these  deUveries. 

In  charging  coke  into  the  cupola,  a  wide  steel  fork,  with  about 
eight  round  tines  or  prongs  will  be  found  more  convenient  and 
economical  than  the  common  shovel  generally  used,  as  the  coke  will 
be  less  broken,  whilst  the  breeze  and  dirt  will  not  be  thrown  into  the 
cupola  as  with  the  shovel. 

In  cases  where  the  coke  is  very  friable,  or  has  had  to  bear 
much  carriage,  the  percentage  of  breeze  becomes  a  material  ele- 
ment in  the  cost  of  fuel;  if  throvm  into  the  cupola  much  of  it  is 
immediately  blown  away,  whilst  any  dirt  put  in  with  it  of  course 
represents  so  much  the  more  slag  to  be  dealt  with. 
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The  breeze,  if  kept  clean,  can  be  gionnd  into  coke-dnst  to  be 
used  hj  tbe  moulders. 

Snpposng  the  cupola  to  be  cool,  but  in  good  working  order  u 
to  lining,  tayerea,  &c.,  tbe  falling  iron  door  at  the  bottom,  if  the 
CDpola  is  proTided  with  one,  must  be  closed,  and  securely  &stened 
in  its  place,  and  well  covered  with  sand ;  moulding  sand  is  used 
when  only  a  small  quantity  of  iron  is  to  be  smelted ;  if  a  large 
quantity  of  melted  metal  is  required,  a  more  re&actory  sand  is 
desirable.  A  wood  fire  is  then  lit  in  tlie  cupoK  iipon  which  coke, 
coal,  or  charcoal  is  placed,  the  tap-hole  being  left  open  to  supply  air 
to  support  the  combustion,  the  tuyeres  being  also  left  open.  The 
cupola  is  then  filled  with  fuel,  which  is  kept  in  brisk  combustion. 
It  requires  several  hoars  to  beat  tbe  fomace  for  blast,  which  is 
not  laid  on  until  the  fiame  appears  on  Qie  top  of  tbe  iitel.  When 
tbe  furnace  is  thoroughly  heated,  the  nozzles  are  put  in,  and  the 
fim,  or  blower,  is  put  to  work.  Before  putting  on  the  blast,  how- 
erer,  the  large  tap-hole  most  be  closed  with  moulding  sand,  or  good 
fiie-pioof  day  and  sand  mixed,  leaving  a  small  hole  at  the  bottom, 
which  Beiree  as  the  tap-hole  for  the  iron.  This  should  be  about 
2  inches  diameter,  and  is  formed  by  pUcing  a  tapered  iron  bar  in 
the  place  where  the  bole  is  to  be,  ramming  the  sand  tightly  around 
it,  and  removing  it  as  soon  as  the  hole  is  properly  and  securely 
moulded.  When  the  blast  is  put  on  it  will  drive  a  flame  tfaroogh 
the  tap-hcde,  as  well  as  out  of  the  top  of  the  cupola.    The  tap-hole 
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^worked  by  hand  to  a  proper  consistence ;  a  ronnd  ball  of  this  is 
placed  on  a  disc  of  iron  at  the  end  of  a  wooden  rod,  and  is  forced 
into  the  tap-hole ;  this  is  also  done  when  it  is  wished  to  stop  a 
tapping  out  with  the  bott  or  bod  stick,  as  it  is  called,  but  is  then  a 
more  difficult  operation,  as  the  molten  iron  frequently  squirts  out 
past  the  bott  stick  whilst  the  men  are  trying  to  apply  the  plug. 

Pig  iron  is  broken  into  pieces  of  from  10  to  15  inches  in 
length  before  it  is  charged  into  the  cupola.  This  is  a  very  laborious 
operatioD,  especially  in  the  case  of  tough  pig  iron.  The  first 
breaking  is  generaUy  accomplished  by  throwing  the  pig  down 
heayily  upon  a  piece  of  old  iron  fixed  in  the  ground,  after  which  it 
is  broken  up  still  smaller  with  a  sledge-hammer. 

This  work  is  now  very  often  performed  by  an  adaptation  of 
Blake's,  or  some  other,  stone  crusher. 

From  10  to  12  lbs.  of  fuel  are  charged  for  every  100  lbs. 
of  iron,  but  this  quantity  varies,  depending  much  upon  the 
nature  of  the  fuel,  of  the  iron  to  be  melted,  and  upon  the  size  and 
construction  of  the  cupola.  Along  with  the  coke  and  iron,  lime- 
stone must  be  put  in,  broken  up  into  pieces  about  2  inches  cube, 
or  oyster  shells,  in  quantities  varying  from  2  to  5  per  cent,  accord- 
ing to  the  nature  of  the  fuel  and  iron.  Too  much  Umestone,  as 
well  as  too  Uttle,  causes  the  iron  to  become  white,  to  lose  some 
of  its  carbon,  and,  in  many  cases,  its  strength  and  softness  are 
greatly  impaired. 

The  limestone,  when  used,  is  commonly  introduced  into  the 
cupola  after  the  first  charge  of  metal  It  is  intended  to  act  as  a 
flux,  and  combine  with  any  earthy  matters  that  may  be  present  in 
the  metal  and  coke.  With  these  it  forms  a  glassy  compound,  and, 
by  this  means,  the  iron  is  freed  from  such  impurities  as  it  falls  to 
the  bottom.  The  slag,  as  it  is  termed,  floats  on  the  surface  of  the 
iron  collected  at  the  bottom,  and  frequently  makes  its  appearance 
at  the  tuyeres  in  a  soUd  state. 

The  cupola  should  be  kept  full  whilst  in  blast,  or  at  least  so 
long  as  iron  is  melted,  by  alternate  charges  of  iron,  fael,  and  lime- 
stone. Fuel  is  generally  put  on  first,  then  iron,  and,  lastly,  the 
limestone,  and  the  charging  continued  without  intermission,  until 
all  the  iron  required  at  that  time  is  melted,  when  the  charges  are 
stopped.    The  blast  is,  however,  kept  on  until  all  the  iron  has  been 


62  FODNDIHa   AND   OAflTINO/ 

tapped.  As  a  matter  of  experience  it  has  been  firand  that  tliB 
mtetioi  form  of  fhinacee  greatly  affects  the  oonditioa  of  the  metal, 
and  thns  iuflnencee  ite  applicability  to  certain  nsee ;  thus  capolas 
which  are  larger  in  diameter  at  the  bottom  than  at  the  top  work 
hotter  than  those  with  parallel  sides,  and  also  last  longw,  as  the 
melted  iron,  which  is  apt  te  cut  the  fiie-btick,  then  sinks  more 
thiongb  the  materials  in  the  body  of  the  cnpola  than  it  does  in 
onpolas  with  parallel  sides.  The  amount  of  taper  te  be  given  to 
the  lining  depends  upon  the  size  of  the  capola ;  a  large  one  will 
bear  more  taper  than  a  narrow  one. 

If  it  is  intended  to  melt  different  qmdities  of  iron  in  the  same 
heat,  a  thick  layer  of  fael  should  be  placed  between  the  Tariona 
brands,  so  as  to  allow  of  the  extraction  of  alt  the  iron  which  was 
first  charged,  before  the  second  appean  at  the  bottom. 

In  snch  cases  it  is  preferable  to  first  melt  the  grey  iron,  or  that 
iron  which  is  to  make  soft  castings,  and  white  or  hard  iron  after^ 
wards. 

When  as  much  iron  is  melted  as  is  required,  the  clay  ping  of 
the  tap-hole  is  pierced  by  a  sharp  steel-pointed  bar,  or  iron  rod 
driTen  by  a  hammer,  and  the  metal  mn  into  pots,  or  it  is  ran 
directly  into  fhe  mould  by  means  of  gntten  moulded  in  the  sand 
of  the  fioor.  Between  each  sDccessive  tapping  of  the  iron,  the  tap- 
hole  is  closed,  and  more  iron  is  allowed  to  aconmalate  in  the  bottom 
of  the  cnpola. 
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The  greatest  source  of  waste,  however,  occurs  when  iron  is 
taken  from  the  same  fomaoe  at  one  time  for  light,  thin  goods  and 
for  heavy  work.  For  as  iron  becomes  less  fluid  the  lower  its  tem- 
perature falls,  it  may  be  at  first  at  such  a  temperature  as  will  be 
suitable  for  the  former  kind  of  goods,  while  iron  at  a  much  lower 
one  would  be  suitable  for  heavier  casts.  We  may  observe  that  when 
iron  is  drawn  too  hot  for  such  a  purpose  as  the  latter,  it  must  be 
allowed  to  cool  before  being  poured,  and  the  cooling  is  quickened 
by  the  introduction  of  scraps  into  the  melted  mass. 

In  large  foundries  there  are  generally  three  men  engaged  in 
conducting  the  business  of  a  cupola ;  one  acts  as  charger,  another 
breaks  the  pigs  into  manageable  pieces,  and  deposits  them,  with  the 
scraps  of  preceding  meltings,  on  the  platform  erected  for  the  accom- 
modation of  the  charger,  the  third  waits  at  the  tapping  hole,  and 
supplies  the  workmen  with  the  metal  as  they  apply  for  it. 

When  the  work  of  the  cupola  is  over,  the  workmen  commence 
to  clear  it  out.  To  this  end  they  break  down  the  temporary  clay 
work  that  narrows  up  the  tapping  door  to  one  small  hole.  Having 
cleared  this  away,  a  plate-iron  fence  is  set  up  opposite  the  door 
behind  which  the  workman  stands  and  over  which  he  shoots  a  long 
rod,  kneed  at  the  end,  into  the  furnace  to  loosen  the  contents,  con- 
sisting of  refuse  coke  and  clay,  and  drags  them  out  while  yet  hot ; 
for,  ff  suffered  to  remain  till  cold,  they  would  be  congealed  into  one 
compact  mass.  This  operation  is  much  more  easily  performed  in 
cases  where  the  cupola  is  built  with  a  movable  bottom,  as  has 
already  been  described,  as  it  is  a  very  slow  and  laborious  task  to  be 
done  with  the  raking  bar. 

W.  Hackney  has  described  a  small  foundry  cupola  which  with 

1  lb.  good  Welsh  coke  melts  10  lbs.  iron, 
1  lb.  anthracite      „        >>     16  lbs.    „ 

or  224  lbs.  and  140  lbs.  per  ton  respectively.  In  the  north  of 
England  the  amount  of  coke  to  a  ton  of  iron  in  the  cupola  rarely 
exceeds  120  lbs.,  and  is  even  brought  down  to  1  cwt.  per  ton. 

Of  course  in  large  foundries  economy  in  coke  is  important, 
especially  as  the  less  fuel  can  be  used,  the  quicker  the  metal  comes 
down.  It  must  be  noticed,  however,  that  if  the  percentage  of  the 
fael  is  too  much  reduced,  the  furnace  will  scaffold. 
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The  quantity  of  oobe  oansnmed  depends  not  ouJy  upon  the 
qoalitj  of  the  coke  itself,  hnt  also  of  the  iron  to  be  melted.  Thns 
No.  1  hematito  or  oold-blaat  iron  requires  moch  more  coke  than 
Scotch  or  Oleveland.  Anthracite  coke,  which  is  harder  and  denser 
than  any  other  coke,  requires  a  Btronger  preeeuie  of  blast  for  its 
edectiTe  combustion,  and  in  snch  cases  a  blower  is  to  be  preferred 
to  a  fan,  as  giving  a  stronger  and  more  effoctive  blast.  Another 
example  is  that  of  a  cnpola  melting  1  ton  of  iron,  with  126  Ibe. 
anthracite  coke ;  the  iron  consisting  of  No,  1  Scotch,  No.  1  hema- 
tite, and  old  cast  scrap  in  eqnal  proportions — the  blast  giren  by 
a  24-inch  diameter  Shiele's  i&n  mnning  at  1700  rsTolations  per 
minnto. 

According  to  the  experiments  of  Dalong,  1  lb.  of  carbon  com- 
bining with  the  oecessary  qnantity  of  oxygen  to  form  carbonic 
add,  developee  12,906  units  of  heat.  The  specific  heat  of  cast-iron 
being  abont  13,  the  melting  point  2190°,  and  the  coke  containing 
82  per  cent,  of  carbon,  then  to  heat  a  ton  of  cast  iron  of  a  tempe- 
ratora  of  say  40°  to  a  tempetatnre  of  2100°,  wonld  require 


=  59-1  lbs.  ooke. 


This  is  supposing  that  the  whole  of  the  carbon  is  c(mT6rted 
into  carbonic  acid,  but  if  by  any  means  carbonic  oxide  is  formed,  a 
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it  is  absnrd  to  expect  anything  but  wastefol  results  nnless  each 
charge  bears  its  proper  relation  to  the  preceding,  which  can  only  be 
the  case  by  constantly  nsing  the  weighing  machine. 

Both  time  and  fael  are  no  doubt  economized  by  the  use  of  hot 
blast  supplied  to  the  cupola,  but  such  economy  would  seem  to  be 
very  small  unless  the  temperature  of  the  air  can  be  brought  up  to 
from  700°  to  1000°,  although  it  is  well  known  that  with  blast- 
furnaces an  appreciable  saving  of  fuel  is  obtained  for  every  increase 
in  the  temperatiure  of  the  blast  supplied.  But  in  that  class  of 
work  the  furnaces  are  so  large,  and  the  fuel  consumed  is  so 
enormous  in  quantity,  that  even  a  small  percentage  saved  amounts 
to  some  considerable  gain  at  the  end  of  the  year ;  this  is  shown  by 
the  &ct  that  old  blast  heating  stoves  which  gave  a  temperature  of 
about  500°,  were  generally  replaced  a  few  years  since  by  improved 
cast-iron-pipe  stoves,  which  could  be  worked  up  to  or  a  httle  beyond 
800°;  these  in  their  turn  aro  being  rapidly  swept  away  in  England, 
America,  France,  and  Belgium,  to  be  roplaced  by  firo-brick  stoves, 
with  which  the  blast  can  be  heated  to  about  1200°  or  1400"^  Fahr. 

It  must  be  remembered,  however,  that  to  produce  a  ton  of  pig 
iron  from  the  ironstone  requires  a  consumption  of  20  to  25  cwt.  of 
coke,  sometimes  even  more,  and  consequently  when  it  is  clearly 
seen  that  by  adopting  fire-brick  stoves  to  obtain  a  high  temperature, 
a  saving  of  at  least  5  cwt.  of  coke  is  effected  for  every  ton  of  pig 
produced,  an  ironmaster  can  at  once  appreciate  the  fiact  that  such 
appliances  will  very  soon  pay  for  themselves. 

Unfortunately  for  the  cupola  its  case  is  by  no  means  so  clear. 
In  the  first  place,  only  pig  iron  is  melted  in  it,  and  that  generally 
not  in  very  large  quantities  at  a*  time,  and  most  cupolas  are  only 
worked  intermittently.  The  consumption  of  fuel  for  the  work 
done  is  not  very  laige,  seldom  exceeding  2  cwt.  of  coke  per  ton  of 
iron  brought  down,  consequently  the  general  feeling  appears  to  be 
to  construct  cupolas  of  the  best  known  form,  but  not  to  adopt  costly 
appliances  for  saving  fael,  as  they  involve  compUcation,  are  neither 
liked  nor  understood  by  the  men,  and  even  if  successfal  make  little 
alteration  in  the  profit  of  the  concern.  Such  reasoning  is  very 
obstructive  of  scientific  improvement,  but  may  be  very  good  prac- 
tical wisdom. 

Notwithstanding  this  laissez  oiler  principle,  thero  have  been 


FOnNDINO    AND   OABHSQ. 


many  attempts  to  heat  ap  tlie  blast  sapplied  to  onpolas,  bnt  in  most 
cases  lailnie  has  occorred  from  the  diffionltj  of  obtuning  a  really 
high  temperatore. 

It  has  been  proposed  to  sammnd  the  cnpoU  with  a  jacket; 
others  have  phtoed  piles  of  air  pipes  and  passages  over  the  cnpola 
month  to  abstract  the  heat  from  the  waste  products  of  combostion, 
but  in  sach  ammgements  the  iron  exposed  to  the  heat  will  not  long 
stand  a  high  tempeiatnie  without  warping  and  leaking,  and  a  low 
temperature,  as  before  remarked,  is  of  no  practical  ntiht;. 

In  ooontry  works  there  are  times  when  a  small  qnantaty  of 
metal  only  is  reqoired  to  be  melt«d,  much  below  the  nsoal  harden 
of  the  cupola,  and  if  for  this  small  cast  of  metal  it  is  necessary  to 
work  through  with  a  full  charge  for  the  cupola,  much  fael  is  imne- 
cessaiily  bnrnt,  and  mnch  time  lost. 

One  remedy  for  this  evil  as  practised  in  France  consists  in 
bnilding  a  cnpola  rather  large  in  diameter,  and  lining  it  inside  with 
damp,  loamy  sand,  rammed  bard  into  place  ronnd  a  nomber  of 
wooden  cores,  which  are  a^erwards  removed. 

This  arrangement  gives  the  power  of  varying  the  internal 
capacity  and  shape  of  the  cnpola  to  a  large  extent,  at  a  compara- 
tively small  cost,  and  with  do  very  great  delay. 

In  the  nnit«d  States  pulverized  coal  and  fine  slack  have  been 
nsed  in  cnpolaa.  The  practicability  of  this  utilization  of  a  com- 
paratively waste  product  was  discovered  in  the  following  maimer. 
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The  principal  waste  of  the  metal  occurs  after  its  fusion  and  in 
its  passage  through  this  carbonic  acid  and  atmosphere. 

By  the  injection  of  the  fine  coal  with  the  blast  its  combustion  is 
secured  at  the  zone  of  the  tuyeres,  producing  carbonic  oxide,  and 
thus  preyenting  the  oxidation  of  the  descending  metal. 

Beyond  saying  the  waste  of  iron  by  this  improyement,  a  much 
larger  percentage  of  the  carbon  which  the  pig  contains  is  trans- 
mitted to  the  conyerter,  an  adyantage  which  would  also  be  of  great 
yalue  in  all  cupolas  for  melting  iron  for  castings,  as  the  chief 
difficulty  in  that  line  is  that  the  carbon  is  burnt  out  of  the  metal ; 
the  metal  thus  prepared  is  also  said  to  run  more  fluid,  and  to 
produce  finer  and  tougher  castings  than  that  melted  in  the  ordinary 
manner. 

In  concluding  this  chapter  we  wish  to  impress  upon  the 
foundry  manager  the  importance  of  securing  the  good  working  of 
his  cupolas  by  selecting  the  furnace  men  from  among  the  most 
intelligent  of  his  hands,  for  most  of  the  trouble  in  the  works  has 
its  origin  at  the  furnace.  If  this  is  cobbled  and  not  kept  in  eyery 
way  as  it  should  be,  constant  annoyance  will  be  the  result. 
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BuoH  IB  tte  title  by  vbich  ft  Dumber  of  small  iron  fouodriee  ate 
known  in  Belgiom,  having  plant  of  the  eheapeet  and  simplest  con- 
stroction,  and  yet  capable  of  taming  oat  very  otedltable  work  on 
a  small  scale.  Much  ingenuity  and  skill  are  mauifeeted  in  the 
fm%ngement  and  manipulation  of  the  apparatus  employed,  and  a 
short  description  of  the  modus  operandi  (in  part  obtained  &oin 
Bivet's  '  Encyclopeedia ')  will  serve  to  show  that  in  certain  cases  a 
small  iron  foundry  might  be  erected  with  comparatively  little  ont- 
lay,  in  colonies  or  other  out-of-the-way  localities ;  or  for  repairs,  or 
works  which  were  required  to  be  cast  in  situ.  In  countries  where 
watflriallfl  are  available,  the  blowing  power  required  can  be  ob' 
tained  by  means  of  the  ironA,  a  ample  apparatus  well  known  in 
connection  with  the  Catalan  method  of  reducing  iron  ore  on  an 
open  hearth. 

Fig.  1,  Plate  XIII.,  shows  a  side  view,  and  Fig.  2  a  front  view 
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The  calebasse,  or  furnace,  may  be  likened  to  a  small  cylindrical 
cupola,  divided  horizontally  in  two  parte,  blown  with  one  tuyere, 
and  having  no  tapping  hole. 

The  top  half,  which  is  usually  made  of  stout  plate  iron,  is 
designed  to  lift  off  from  the  bottom  part.  The  lower  part  consists 
of  a  wrought  or  cast  iron  vessel,  shaped  like  a  ladle,  and  having 
strong  bars  and  cross  handles  fixed  to  it  as  shown.  This  portion 
of  the  apparatus  answers  two  purposes;  it  is  first  used  as  a  crucible, 
and  afterwards  as  the  great  ladle  for  the  melted  metal 

The  calebasse  is  placed  against  a  wall,  something  in  the  manner 
of  a  smith's  hearth ;  over  it  is  a  hanging  sheet-iron  hood,  leading 
the  products  of  combustion  to  the  fuel. 

That  part  of  the  wall  immediately  behind  the  eoMxisse  is  faced 
with  good  fire-brick,  and  is  pierced  for  the  tuyere  a  to  pass  through. 
Two  large  fire-lumps  project  from  the  wall,  and  betw^n  these  the 
calebasse  is  erected. 

The  upper  portion  is  called  la  towr^  the  tower  h.  Figs.  5  and  6 ; 
le  eretiset,  or  crucible  c.  Figs.  3  and  4,  is  the  lower  part. 

The  tower  is  usually  made  of  strong  wrought  iron,  with  a 
riveted  band  at  top  and  bottom;  in  plan  it  is  of  a  horse-shoe 
shape,  the  open  side  being  that  which  is  placed  against  the  waU. 

The  crucible  is  mounted  like  an  ordinary  foundry  ladle,  and 
may  be  of  cast  iron,  although  wrought  iron  is  preferable.  Its  pro- 
portions, as  to  depth  and  top  and  bottom  diameters,  seldom  vary 
from  those  here  shown.  A  small  sheet  iron  &n  c2  is  placed  in  the 
rear  of  the  wall,  and  is  connected  to  the  tuyere-pipe  by  a  loose 
leather  pipe,  having  an  iron  ring  at  the  end,  which  is  slipped  on 
and  off  the  tuyere-pipe  as  required,  being  secured  in  place  by  a 
twist  of  iron  wire. 

The  £Etn  is  generally  driven  by  manual  labour  from  a  large 
wheel  with  winch  handles,  and  an  endless  band.  A  high  speed, 
800  to  1000  revolutions  per  minute,  is  usual,  as  a  strong  blast  is 
required. 

The  way  in  which  this  apparatus  is  set  to  work  is  as  follows : — 
The  crucible  c  is  clay  washed,  and  then  lined  with  clay  in  the 
same  manner  as  an  ordinary  foundry  ladle,  except  that  the  clay 
ImiTig  is  brought  well  up  and  over  the  tip  all  round,  save  at  the 
one  point  where  the  tuyere-pipe  opening  is  left.    A  fire  of  hard 
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coal  is  then  kindled  in  tbe  interior  to  dry  the  lining.  The  tower  6 
is  also  Uned  in  the  same  way  and  a  roll  of  clsy  is  formed  rooud  its 
lower  edge,  where  it  will  have  to  rest  upon  the  top  of  the  crucible ; 
thia  is  dried  by  b^g  placed  over  the  fire  in  the  cmcible. 

When  the  lining  is  thoroughly  dry,  the  cmcible,  with  the 
&re  still  in  it,  is  pkoed  in  its  proper  pomtion,  so  that  the  tayere- 
pipe  comes  ezaotly  opposite  the  Tacant  point  left  in  the  coating  of 
clay  round  the  tip  of  the  cmcible,  with  ito  two  handles  firmly 
resting  upon  the  projecting  fire  bricks  or  Inmps  e,  and  its  bottom 
supported  upon  a  bed  of  well-rammed  sand. 

The  tower  is  th^i  placed  upon  the  crucible,  the  edges  of  its 
open  portion  being  in  dose  contact  with  the  wall ;  these  edges  are 
day-loted  to  the  wall  face,  and  the  lower  edge  of  the  tower  is  also 
luted  to  the  upper  edge  of  the  cmcible.  Dry  sand  ia  next  piled 
up  round  the  outside  of  the  apparatus,  more  fuel  is  thrown  in  at 
the  top  of  the  tower,  and  a  gentle  blast  is  kept  on,  until  the  fuel  is 
in  a  bngbt  glow,  when  chai^g  commences,  and  is  carried  on  in  a 
similar  way  to  charging  a  cupola. 

The  tuyere-pipe  is  so  arranged  that  by  a  few  simple  wedges  its 
angle  can  be  materially  chaJnged ;  when  first  the  blast  is  put  on  it 
is  generally  directed  horizontally  acroes  the  top  of  the  craciHe,  but 
when  the  fael  ia  thoroughly  ignited  the  Uast  is  tamed  down  more 
directly  towards  the  bottom  of  tJie  crucible ;  if  the  fael  employed 
be  raw  coal,  and  not  coke,  the  blast  is  directed  towards  the  centre 
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The  amount  of  metal  which  can  be  brought  down  in  one  opera- 
tion is  entirely  goyemed  by  the  capacity  of  the  crucible,  and  varies 
from  a  few  pounds  to  half  a  ton. 

Ordinary  loam  is  found  to  be  quite  refiractory  enough  for  the 
lining,  as  it  is  only  exposed  to  a  great  heat  for  a  short  time. 

The  apparatus  shown  is  capable  of  producing  5  cwt.  of  metal 
at  one  operation,  the  time  occupied  being  about  an  hour,  when  the 
metal  should  be  white  hot,  and  yery  Uquid,  if  suitable  pig  and 
scrap  have  been  employed. 

The  calebasse  brings  down  the  metal  rapidly,  and  extremely 
hot  and  liquid,  which  is  exactly  what  is  required  in  the  production 
of  small  fine  castings.  It  is  also  stated  that  special  qualities  of 
iron  can  be  obtained  with  more  certainty  from  the  calebasse  than 
from  a  cupola.  Another  advantage  is  that  three  or  four  meltings 
per  day  can  be  obtained  from  the  same  apparatus. 

Where  fine  castings  are  required,  good  coke,  first-class  pig,  and 
best  scrap  iron  only  must  be  used ;  but,  in  many  instances,  where 
the  quality  of  the  metal  is  only  of  secondary  importance,  raw  coal, 
as  being  cheaper  than  coke,  and  inferior  scrap  may  be  employed. 
The  coal  should  be  as  free  from  sulphur  as  possible,  hard,  and  not 
inclined  to  cake. 
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Thb  great  advuitage  of  this  deecription  of  fdroaoe  is  that  it  ma;  be 
easil;  apphed  to  a  Tuiet;  of  distent  nseB.  with  slight  modifications 
in  ooastnioiioii.  The  lererberatory  and  the  cruoible  make  the 
stiongeet,  closest,  and  safeet  caBtingB,  whereas  castioga  &om  a 
cnpota  are  the  weakest,  except  those  which  are  obtfuned  direct 
from  the  blaBt-fomace. 

The  reverbraatoty  was  at  (me  time  largely  nsed  for  the  fosioii 
of  cast  iron  for  fonndr;  porposeB,  althongh  it  has,  to  a  great  extent, 
been  superseded  hy  the  cupola. 

As  an  oxidisiDg  fomaoe  it  is  employed  in  the  paddling  of  m>n, 
and  for  prodncing  litliarge  &om  lead.  As  a  deoxidizbg  fnmaoe 
it  is  employed  in  the  production  of  lead  and  copper.  It  is  also 
frequency  used  for  calcining  sabetances,  which  afterwards  hare  to 
be  polveiized,  such  as  flints,  &o. 
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For  the  general  character  and  quality  of  castings,  it  is  to  be 
regretted  that  the  reyerberatory  furnace  for  the  melting  of  iron  is 
&st  disappearing. 

In  two  other  respects  the  reyerberatory  presents  adyantages 
oyer  the  cupola ;  by  it,  in  the  first  place,  it  is  possible  to  melt  a 
giyen  quality  of  cast  iron  more  absolutely  free  from  change  in  its 
constituents,  molecular  or  chemical;  and,  in  the  second  place,  if 
the  pig  iron  contains  a  large  proportion  of  sulphur,  it  can  be  freed 
from  a  great  deal  of  this  by  prolonging  the  time  the  metal  is 
exposed,  after  fusion,  in  the  reyerberatory,  to  a  slightly  oxidizing 
flame. 

This  latter  action  is  seldom  of  any  practical  utility,  for  pig  iron 
that  contains  mnch  snlphnr  makes  very  indifferent  castings,  and 
the  deeulphuration  is  so  imperfect  and  unreliable,  that  it  is  usually 
far  cheaper  and  more  certain  in  working  to  obtain  a  good  pig  iron 
at  the  outset. 

The  following  are  generally  circumstances  under  which  it  may 
be  considered  adyisable  to  use  the  reyerberatory  furnace  in  pre- 
ference to  the  cupola : — 

When  there  are  no  means  for  obtaining  sufficient  blast  for  a 
cupola: 

When  it  is  necessary  to  melt  down  such  large  masses  of  metal 
as  cannot  be  managed  in  the  cupola  : 

When  it  is  required  to  bring  a  giyen  pig  iron,  by  deoxidation^ 
to  its  highest  point  of  tensile  resistance,  as  for  gun  founding  : 

When  it  is  necessary  to  erect  a  foundry  under  circumstances 
where  a  cupola  with  blast  could  not  be  built  or  worked ;  as,  for 
example,  in  a  lonely  colony,  a  besieged  town,  or  such  other 
exceptional  conditions. 

Under  most  other  circumstances  the  cupola  is  to  be  preferred, 
as  the  reyerberatory  is  neither  economical  in  metal  nor  fuel,  except 
where  the  operations  are  constantly  going  on  from  day  to  day  on  a 
yery  large  scale,  and  where  good  bituminous  coal  fuel  is  cheap. 

The  principal  considerations  goyeming  the  design  of  an  air- 
furnace,  are,  1,  the  weight  and  yolume  of  metal  required  to  be 
melted  in  one  charge ;  2,  the  quantity  of  fuel  necessary  for  such  a 
quantity  of  metal;  and,  3,  the  regulation  of  the  supply  of  air 
necessary  for  the  proper  combustion  of  that  amount  of  fuel. 
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1.  The  pioportion  of  the  size  of  the  bed  of  the  fdmaoe,  fmd  the 
cavity,  or  pool,  for  containing  the  melted  metal,  depends  apon  the 
weight  of  metal  it  is  reqnired  to  "  bring  down  "  in  a  charge. 

2.  The  size  and  constraction  of  grate  are  mainly  determined  hy 
the  gnantity  of  metal  in  a  charge,  the  qoality  of  the  foal  to  be 
employed,  and  the  speed  at  which  it  is  desired  to  work. 

3.  The  regnlationB  for  the  sapply  of  ur  zeqniie  oonsiderable 
attention.  The  supply  most  be  amply  Boffident  in  quantity  to 
consume  the  required  amount  of  fiiel,  and  must  flow  through  the 
fuel  onwards  to  the  chimney  flue  at  a  certain  velocity,  which 
velodty  most  be  well  within  control,  as  upon  it  principally  depends 
the  "  reverberatory  "  action  of  the  furnace. 

It  is  obvious  that  if  the  air  entered  the  fnmace  in  a  slow,  quiet 
current  it  would  pursue  the  even  tenor  of  its  way,  without  ooming 
into  violent  contact  with  either  the  roof  or  the  bed  of  the  fumace  ; 
this  would  greatly  hinder  the  fusion  of  the  metal. 

Assmning,  what  is  probably  correct,  that  the  hottest  part  <^  the 
current  is  the  central  stratum  of  the  air  and  flame,  the  curve  of  the 
roof,  and  the  position  of  the  bridge  at  the  back  of  the  grate  must 
he  such  that  with  a  known  velocity  of  air  it  will  impinge  against 
the  roof  in  such  a  manner  as  to  be  directly  deflected  upon  the 
metal  <m  the  bed  of  the  fnmace.  If  the  velocity  of  the  air  be  too 
great  for  the  shape  of  the  fnmace  it  will  probably  be  deflected 
earlier  in  its  progress  than  is  required. 
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air-furnace,  except  when  gas  is  employed,  as  in  the  regenerative 
system. 

Upon  the  nature  of  the  fael  employed  most  of  the  snecess  of 
the  reverberatory  fiimace  depends.  A  good  gas  flame  driven 
through  the  furnace  by  a  powerfal  blast,  in  the  proper  direction, 
and  to  the  proper  region  of  the  fomace,  will  give  excellent  results. 
Where  soUd  fdel  is  employed,  that  which  gives  off  plenty  of 
combustible  gas  is  preferable. 

Wood  is  not  a  good  fael,  but  if  it  is  to  be  employed  the  furnace 
must  have  a  long  flame-bed,  and  be  low  in  the  arch.  Tolerably 
hard,  long-flaming  bitnminons  coal,  which  does  not  cake  in  the 
fnmace,  is  the  best  kind  of  fael. 

Hard  coal  or  coke  may  be  used,  but  are  not  so  good  as  bitnmi- 
nons coal.  The  disqualification  arises  partly  from  their  incom- 
bostible  nature,  but  chiefly  on  account  of  the  mass  of  fine  ashes 
which  is  carried  over  from  the  fireplace  to  the  hearth,  covering  the 
melted  iron  and  preventing  its  absorption  of  heat.  This  evil  is 
more  apparent  in  the  use  of  anthracite  than  of  coke.  Wood, 
particularly  green  wood,  is  not  at  all  qualified  for  use  in  the 
reverberatory ;  if  no  mineral  coal  can  be  obtained,  charcoal  is  to 
be  substituted  for  it. 

Most  other  kinds  of  fuel  are  objectionable,  as  requiring  constant 
attention  on  the  part  of  the  furnace  man,  either  to  feed  the  fire,  to 
remove  clinkers,  or  to  break  up  the  fuel,  all  operations  requiring 
the  furnace  to  be  opened,  and  thus  allowing  tiie  entrance  of  cold 
air,  which  is  most  objectionable. 

To  meet  this  difficulty,  many  plans  of  self-feeding  hoppers,  &c., 
have  been  advocated,  but  the  difficulty  still  appears  to  be  to  pro- 
perly regulate  the  fire,  so  as  to  consume  the  fuel  with  the  best 
result  in  time  and  labour,  without  allowing  the  ingress  of  cold  air, 
whilst  such  arrangements  are  being  made,  bearing  in  mind  the 
fact  that  the  operations  inside  the  furnace  require  continual  super- 
vision, as  they  are  continually  varying  in  their  nature  and  effects. 

It  is  important  that  the  furnace  should  be  connected  with  a 
chimney  which  will  give  a  powerful  draught,  to  which  end  it 
should  be  lofty,  and  about  equal  in  area  to  the  grate  surface  of  the 
furnaces  it  draws  from. 
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The  anang^nent  of  the  grate  and  firo-bare  is  governed  to  a 
great  ezteot  by  the  nature  of  the  fuel  to  be  employed.  Assniniiig 
that  25  Ibe.  of  coal  will  be  burnt  per  hotir  for  every  square  foot  of 
grate  anr&ce,  ample  space  must  be  left  between  the  fire-bars  to 
allow  of  the  passage  of  snfficient  fur  to  snpport  snch  a  combiisti(m, 
namely,  about  230  cnbio  feet  of  air  for  each  pound  of  coal  burnt  in 
the  fomace. 

Turf  and  peat  are  occa^onally  useful  for  heating  diyii^  atovee, 
drying  ladles,  &o.,  or  for  the  production  of  steam  pover,  but  for 
most  other  purposes  they  are  almost  worthless. 

Turf  gas  has  been  employed  in  Germany  for  reTerberatories, 
but  where  gaa  from  any  better  fuel  ia  at  all  obtainable  this  will 
never  be  used. 

Fit  ooal  is  not  cmly  the  best  aotid  fuel  to  be  used  in  the 
rererberatory,  bat  also  gives  off  the  beet  gases,  should  it  be 
intended  to  heat  the  reverberatory  with  gaa  from  a  gaa-producer. 
In  the  latter  case,  when  the  fomaoe  becomes  a  magnified  gas 
blowpipe,  it  is  necessary  that  tlie  air  and  gas  fed  into  the  furnace 
shoold  be  at  a  high  temperature.  Hence  the  importance  of  the 
Siemens  regenerative  fomaces,  which  provide  the  neceesary  beat 
for  gas  and  air ;  or  the  air  alone  may  be  heated  before  admission 
into  the  combustion  chamber,  by  being  passed  throngh  heating 
stoves,  or  pipes. 

In   the   constraction  of  these   furnaces  the  most   re&actory 
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cast  iron,  copper,  bronze,  or  brass,  is  shown  in  Pig.  1,  Pkte  XV. 
a  is  the  hearth,  b  the  bridge,  e  the  sole-plate  or  bed  of  the  furnace, 
all  covered  over  by  the  reverberatory  arch,  which  is  usually  curved 
over  both  from  the  side  walls  and  the  ends;  d  is  the  flue  to 
chimney,  e  the  tapping  hole,  through  which  the  fluid  metal  is  run 
away,  at  other  tunes  being  stopped  up  with  a  fire-clay  plug ;  /  is 
the  entrance  for  heated  air,  which  passes  through  the  fuel,  carrying 
the  flames  and  products  of  combustion  upwards,  where  they  im- 
pinge upon  the  crown  of  the  fomace,  which  deflects  them  down- 
wards upon  the  metal  lying  on  the  sole,  at  which  point  it  is 
desired  to  obtain  the  maximum  heat  of  the  furnace. 

This  current  flows  in  the  direction  shown  by  the  arrows  and 
dotted  lines.  Charging  doors  must  be  arranged  for  the  supply  of 
metal  and  fuel ;  small  sight-holes,  which  shall  allow  an  examination 
of  the  work  in  progress,  without  permitting  much  cold  air  to  enter 
the  furnace ;  and  dampers,  to  regulate  the  draught,  so  placed  as  to 
escape  the  greater  heats  of  the  fomace. 

Several  modifications  of  this  construction  are  employed.  The 
air-entrance  /  is  frequently  placed  immediately  under  the  hearth ; 
or  the  sole  c  is  made  to  slope  downwards  towards  the  bridge  t,  with 
the  tapping  hole  e  almost  immediately  behind  the  bridge ;  or  the 
sole  may  be  made  flat,  so  that  it  will  be  filled  to  a  uniform  depth 
with  the  Uquid  metal. 

The  construction  of  furnace  here  shown  is  intended  for  the  use 
of  heated  air,  which  is  introduced  at  /,  should  it  be  desired  to 
economize  the  waste  heat  passing  from  a  cupola,  the  flame  and 
heat  from  which  would  unite  with  those  from  the  fire  in  the  air- 
furnace  itself.  Where  the  air  necessary  to  support  combustion 
will  be  directly  suppUed  from  the  atmosphere,  it  must  be  passed  in 
through  the  fuel  so  as  not  to  come  in  direct  contact  with  the  roof 
of  the  fomace,  or  of  the  metal  to  be  melted. 

The  principle  of  the  reverberatory  furnace  is  so  to  deflect,  or 
direct,  the  currents  of  flame  and  heated  air  that  they  may  exert 
their  most  intense  power  upon  the  metal  lying  on  the  bed  of  the 
furnace,  in  which  respect  the  air-furnace  somewhat  resembles  the 
action  of  the  blowpipe,  with  which  the  greatest  concentration  of 
heat  on  a  certain  body  can  be  effected  in  the  least  time. 

The  fire-bars  should  be  of  good  wrought  iron,  although  hard 


78  POTJHDING   AND   OABTIKO. 

white  cast-iron  bars  are  frequently  used.  The  area' of  the  vertical 
0T0»-8ecti<Hi  of  the  fdmace  over  the  bridge  most  be  oooHiderahly 
less  than  the  area  <d  the  lUt-pasBage  in  th«  grate. 

The  hearth  elopes  giadoall;  towards  the  chimney,  and  forms  a 
basin  for  the  aocnmnlation  of  the  melted  metal  The  fire-Iaidge, 
which  separates  the  fireplace  from  the  hearth,  is  froia  10  to 
15  inches  high,  according  to  the  capacity  of  the  fmmace.  One 
ade  of  the  fiimace  is  provided  with  a  large  iron  sliding  door  for 
charging  iron  and  repairing  the  hearth ;  this  door  is  at  the  highest 
part  of  the  hearth,  near  the  fire-bridge.  In  the  lowest  part  of  the 
hearth,  in  the  csutre  of  the  basin,  is  the  tap-hole.  This  may  he 
at  one  ode  of  the  fiimace,  or  behind  the  stack  at  the  flne.  A 
damper  on  the  top  of  the  stack  is  nsefiil  to  regnlate  the  dranght. 
The  furnace  ahonld  be  very  thick  in  the  walls,  so  as  to  be  as  bad 
a  condnotor  of  heat  as  possible.  Too  much  attentiou  cannot  be 
paid  to  the  joints  in  the  brickwork ;  any  openings  which  might 
admit  air  are  to  be  carefnlly  stopped  op,  or  the  iron  is  liable  to  a 
loss  of  carbon,  and  will  make,  in  consequence,  hard  and  brittle 
castings. 

The  pig  iron  is  here  charged  behind  the  fire-bridge,  and  as  it 
melts,  flows  down  into  the  basin.  Such  imparities  as  adhere  to 
the  pig  iron  which  will  not  melt  remain  at  the  top  of  the  bridge, 
and  may  be  removed  after  the  heat  Thus  the  melted  iron  is 
purified  to  a  large  extent.    The  heat  of  the  forcace  is  generally 
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famaoe  is  melted,  the  tap-hole  is  opened  with  a  sharp  crowbar,  and 
the  liquid  iron  is  either  led  into  pots  or  directly  into  the  mould. 
The  tap-hole  is  stopped  with  damp  sand,  or  a  mixture  of  loam  and 
ooal-dust.  When  the  furnace  is  charged  with  iron,  all  the  openings 
and  joints  at  the  door  and  in  the  brickwork  are  to  be  cautiously 
stopped  with  moist  loam,  to  prevent  the  access  of  any  air  upon  the 
heartL  The  fire-grate  must  also  be  well  attended  to,  and  kept 
well  filled  with  coal,  but  not  too  high,  so  as  to  impair  the  draught 
of  air  through  the  faeL  The  grate  should  be  kept  firee  from 
clinkers,  and  the  formation  of  holes  where  unbumt  air  could  enter 
the  furnace  must  be  prevented. 

The  charging  door  is  generally  a  fire*block  hung  in  an  iron 
frame,  which  is  raised  and  lowered  by  a  lever,  having  a  balance 
weight  All  joints  through  which  any  cold  air  could  enter  the 
furnace  niust  be  covered  with  fire-clay  or  loam.  The  metal  to  be 
melted  should  be  broken  to  an  uniform  size  as  fir  as  possible,  and 
on  placing  it  in  the  famace,  the  smallest  pieces  should  be  piled 
lowest,  the  larger  ones  on  the  top,  as  the  heat  of  the  flame  is  there 
more  intense,  which  is  what  is  required  for  the  larger  lumps  of 
metal,  and  a  similar  plan  must  be  adopted  with  regard  to  the 
melting  of  wions  qimUties  of  metal,  tiie  most  easUy  fusible  being 
placed  bwest  in  the  furnace.  Fuel  should  be  fed  in  frequently,  and 
it  must  be  done  quickly. 

When  sufficient  molten  metal  has  accumulated  in  the  pool  of 
the  furnace,  it  is  tapped  ofil  The  chimney  damper  is  first  closed, 
the  metal  is  then  run  into  a  ladle  or  is  run  along  plate-iron  shoots 
covered  with  loam,  to  the  mould,  being  skimmed  by  the  dam-plate, 
and  by  men,  as  it  flows  along,  or  into  a  pool  in  front  of  the  furnace, 
the  slag  being  removed  before  the  metal  passes  into  the  moulds. 

The  furnace  is  then  cleared  out,  and  any  necessary  repairs 
executed  before  it  is  again  charged.  If  the  repairs  have  been  con- 
siderable, it  will  be  necessary  to  make  the  furnace  white  hot  before 
again  charging  it  for  use. 

The  reverberatory  furnace  is  not  only  used  for  melting  iron,  but 
is  also  employed  for  the  melting  of  large  quantities  of  brass,  bronze, 
tin,  lead,  and  other  alloys  and  metals.  Large  bells,  statues,  machine 
frames,  and  similar  objects,  are  cast  from  the  reverberatory  furnace. 
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All  metals,  except  very  grey  fosible  iron,  vhich  may  be  cast  from 
a  pot,  are  to  be  nm  in  dry  sand  ditcbee,  directly  from  the  furnace 
into  the  moold. 

Fig.  2,  Plato  XT.,  shows  a  eection  of  on  air-fnmace  in  which 
toe  roof  is  so  coDBtmcted  as  to  deflect  the  beat  on  the  bed  of  the 
fomsce  in  two  places;  by  which  arrangement  a  larger  area  of 
metal  is  acted  npon,  and  heat  is  economized. 

In  casee  of  fomaoee  for  melting  bronze,  it  is  sometimes  neces- 
sary to  baild  them  with  large  cbai^g  doors,  to  permit  of  the 
introdnction  of  heavy  masses  of  metal. 

Figs.  3  and  4,  Plato  XY.,  show  a  brass  furnace  thns  arranged, 
which  construction  could,  however,  be  adopted  for  the  fasion  of  cast 
iron.  There  ia  a  large  charging  door  at  the  end  near  the  chimney ; 
the  loWes-door  is  tor  tapping. 

Furnaces  for  melting  bronze  should  have  a  rather  shorter 
flame-bed  than  is  nsed  for  melting  cast  iron. 

Beesemer's  patente  contain  several  soggestions  which  seem 
admirably  adapted  for  forming  a  fresh  point  of  departure  for 
scientific  furnace  building.  The  original  1868  specification  is 
most  comprehensive  in  its  clums,  but  the  main  featorea  may  be 
indicated  as :  the  construction  of  furnaces  for  fusing  difficultly  fusible 
varieties  of  iron  and  sted,  with  a  shell  of  riveted  boiler  plafe  or  cast 
iron,  lined  with  plumbago,  fire-brick,  or  gannistor,  in  which,  by  sup- 
plying  air  through  tuyeres  at  a  very  high  pressure,  from  2  to  6  lbs. 
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of  the  heated  gases^  and  the  application  of  water-cooling  to  the 
escape  orifice^  are  instances  of  practical  diificnlties  ingeniously 
overcome.  In  subsequent  patents  it  is  proposed  to  employ  cupola 
and  rewrberatory  famaces  but  sUghtly  differing  from  the  ordinary 
construction,  but  enclosed  in  strong  iron  chambers.  This  extenuS 
or  working  chamber  is  supplied  with  air  at  a  great  pressure,  and 
tiie  furnace  draws  its  supply  of  air  from  the  reservoir ;  the  pressure 
is  maintained  in  the  combustion  space  by  contracting  the  furnace 
mouth. 

Another  proposed  application  of  the  high-pressure  system  is  to 
the  Bessemer  converter.  Bessemer  has,  of  course,  especial  claims 
to  be  heard  when  he  proposes  any  modification  of  the  process  with 
which  his  name  is  identified,  but  the  advantages  of  this  application 
are  perhaps  hardly  so  considerable  as  he  estimates  them  to  be.  It 
is  well  known  that  certain  varieties  of  hematite  and  Swedish  pig 
are,  from  a  deficiency  in  carbon  or  silicon,  the  cause  of  great  trouble 
in  the  converter,  owing  to  their  not  blowing  hot  enough,  with  the 
result  of  leaving  ^'skulls"  of  solidified  steel  in  the  converter,  a 
highly  objectionable  result,  as  need  hardly  be  said.  In  order  to 
increase  the  heat  of  the  blow  in  these  cases,  and  to  enable  steel  and 
other  scrap  to  be  melted  down  in  the  converter,  and  also  to  facilitate 
the  decarburation  of  iron  by  means  of  nitrates — a  process  in  which 
it  is  difficult  to  maintain  the  melted  metal  at  a  sufficiently  high 
temperature — the  inventor  of  the  pneumatic  process  now  proposes 
to  conduct  the  whole  operation  under  pressure.  To  efiect  this  he 
either  makes  the  mouth  of  the  converter  of  very  contracted  dimen- 
sions, or  provides  it  with  a  movable  conical  stopper  by  which  the 
dimensions  of  the  orifice  may  be  regulated  at  pleasure.  The  body 
of  the  converter  is  made  of  extra  strength,  and  the  blast  suppUed 
at  a  pressure  very  considerably  in  excess  of  that  ordinarily  used  in 
the  process,  so  that  the  gases  may  be  retained  at  a  pressure  con- 
siderably in  excess  of  that  of  the  atmosphere.  By  this  means  he 
expects  to  raise  the  temperature  of  the  metal  in  the  converter  to  a 
very  great  degree. 

In  order  to  illustrate  the  mode  in  which  it  is  proposed  to  carry 
these  ideas  into  efiect^  sections  of  the  furnaces  are  given  in  Figs.  1 
and  2,  Plate  XVI.,  and  Fig.  1,  Plate  XVII.  Figs.  1  and  2,  Plate 
XVI.,  are  bngitudinal  and  cross  vertical  sections  of  a  form  of 
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reTerberatory  fdniaoe.  To  &cilitate  rdining,  the  oentiftl  portion  a 
may  be  remored  &om  the  rest  on  a  truck,  and  when  the  repairs  are 
oomplefed  it  is  replaced,  and  fixed  in  position  by  bolting  together 
the  flangea  d,  e,  g,  h.  The  cover  of  the  charging  hole  x  is  iept  in 
podtioD  by  air  or  steam  presstire  on  a  piston,  vorking  on  the 
cylinder  t,  actuating  the  lever  y. 

The  metal  is  charged  into  the  fnmace  throngh  strong  circular 
Eode  dooEB  m. 

Fig.  1,  Plate  XYII,,  represents  a  high-pressure  crucible  fnmace 
built  (k  riveted  platee,  with  a  re&actory  lining.  Fonr  openings  J, 
in  the  ioae,  allow  of  the  introduction  of  twelve  cmoiblee  and  the 
required  fael-chai^  These  openings  are  dosed  by  an  iron  plate 
h,  fitting  into  a  conical  seat  N,  on  which  it  can  be  screwed  dovm 
by  the  tnr  and  screw  F  and  0.  The  fire-day  stopper  E  aerves  to 
protect  the  iron  cover  firom  the'  intense  beat  of  the  fomace.  The 
combnation  products  escape  at  tlie  contracted  orifice  Q,  and  the 
Uast  is  admitted  through  tnyerea  T. 

It  is  somewhat  remarkable  that  no  attempt  has  been  made  on 
the  large  scale  to  put  the  idea  of  high-pressiire  furnaces  to  a  prac- 
tical test,  especially  as  the  prestige  of  their  inventor  might  naturally 
be  expected  to  predispose  practic&l  men  in  their  favour.  Experience 
alone  can  prove  if  the  economical  advantages  to  be  derived  &om 
intensity  of  temperature  in  certain  metallurgical  operations  will 
ontweigh  the  additional  cost  of  the  plant  and  blast  power  by  which 
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CHAPTER  VII. 

MEASUBES  OF  HEAT,  THERMOMETEBS  AND  PYBOMETEES. 

In  nearly  all  the  processee  connected  with  metals  and  their  aUoys, 
constant  reference  is  made  to  the  temperatures  at  which  certain 
operations  haye  to  be  performed.  The  instruments  used  for 
observing  these  temperatures  are  known  as  the  thermometer,  or 
measure  of  heat ;  and  the  pyrometer,  or  measure  of  fire. 

The  first  is  employed  for  all  temperatures  up  to  that  at  which 
mercury  boils ;  the  second  is  more  particularly  used  to  ascertain 
those  higher  temperatures  in  which  the  nature  and  construction  of 
a  thermometer  will  not  allow  of  its  use.  The  thermometer  deals 
with  a  range  of  heat  comparatively  easy  to  register  and  observe,  and 
reliable  instruments  may  now  be  obtained,  regulated  to  an  extreme 
degree  of  precision.  Although  much  ingenuity  has  been  employed 
in  the  construction  of  pyrometers,  great  doubt  is  felt  with  regard 
to  their  accuracy,  more  particularly  at  very  high  temperatures. 
There  is  yet  room  for  improvement  in  this  respect,  as  a  delicate  and 
reliable  insttument  for  the  observation  of  high  temperatures  would 
be  of  great  service  to  scientific  men  and  manufiax^turers. 

The  latest  invention,  that  of  Siemens'  electrical  resistance 
pyrometer,  bids  fidr  to  be  of  great  utiUty,  but  as  it  is  somewhat 
expensive,  and  of  a  rather  complicated  construction,  it  is  not  likely 
to  be  very  rapidly  adopted  for  ordinary  workshop  use. 

Of  all  bodies,  Uquids  are  preferable  for  the  construction  of 
thermometers,  as  solids  are  not  sufficiently  dilatable,  and  gases 
are  too  much  so.  Mercury  and  alcohol  are  exclusively  employed 
in  their  manu&cture ;  the  first,  because  it  does  not  boil  but  at  a 
very  high  temperature,  600°  Fahr.,  and  the  second  because  it  does 
not  solidify  at  the  coldest  point  known.  Mercury  is  generally 
used.  The  instrument  is  composed  of  a  capillary  glass  tube, 
terminating  in  a  cylindrical  or  spherical  bulb  of  the  same  material. 
The  reservoir  and  a  part  of  the  stem  are  filled  with  mercury,  and 
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by  a  scale,  graduated  on  the  tabe  itaelf,  or  parallel  to  it,  we 
aaoertam  the  ezpaiiBUm  of  tiie  liquid.  On  the  stem,  two  fixed 
points  are  marked,  repreeentmg  always  identical  and  easily  repro- 
dncible  temperatures.  Now,  experience  bas  abown  that  the 
temperature  of  melting  ice  is  invariably  the  same,  whatever  may 
be  the  eonree  of  heat,  and  that  distilled  water  constantly  boils  at  a 
particular  temperature,  provided  there  be  the  same  pressure,  and 
a  vessel  of  the  same  material.  Consequently,  for  the  first  point, 
the  temperature  of  melting  ice  bas  been  taken,  and  for  the 
seoond  the  temperature  of  boiling  distilled  water.  These  two 
having  been  defined,  tiie  intervening  space  is  divided  into  equal 
parts  or  degrees,  and  these  divisions  are  oontinned  the  length  of 
the  scale. 

In  the  graduation  of  thermometers  there  are  ihree  scales,  the 
Centigrade,  invented  by  Oelsins,  B&nmnr's,  and  Fahrenhdt's; 
the  first  is  used  in  France,  and  by  authors  of  scientific  works  in 
other  parte  of  Europe,  England  excepted.  B&umnr  conHtmoted 
bis  thermometer  in  1731,  adopting  the  same  freezing  and  bcnling 
points  as  Gelous ;  in  the  B^nmur  the  intervening  space  is  divided 
into  80  degrees,  so  that  80  degrees  B^umor  are  equivalent  to  100 
degrees  (^tigrode :  1°  B.  is  therefore  equal  to  VV  o^  1°  of 
Celsius,  and,  reciprocally,  1°  G.  is  equal  to  -^  or  |°  B,  Conse- 
quently, for  convertmg  a  number  of  d^ees  B.  into  degrees  C. — 
20  for  instance — this  number  must  be  multiplied  by  |,  because 
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to  be  conyerted  into  degrees  G.  For  this  pnrpose,  first,  32  must 
be  sabtracted  firom  the  given  number,  so  as  to  count  the  two 
kinds  of  degrees  from  the  same  point  of  the  stem.  The  remainder 
is  53.  And,  as  1°  F.  is  equal  to  f°  C,  53^  are  equal  to  |  x  53  = 
29}  G.  Beciprocally,  for  converting  degrees  of  G.  into  degrees  of 
F.,  the  given  number  must  be  multiplied  by  f,  and  32  added 
to  the  product 

To  make  a  thermometer.  Take  a  fine  glass  tube  blown  into  a 
bulb  at  one  end.  Heat  the  bulb ;  the  air  tiien  expands ;  place  the 
tube  under  mercury,  which  will  enter  the  tube  as  it  cools.  It 
must  then  be  so  managed  that  the  mercury  stands  at  convenient 
height  in  the  tube  at  ordinary  temperatures. 

Apply  heat  until  the  mercury  expands  to  the  top  of  the  tube, 
seal  the  tube  by  heating  it,  and  pinching  the  glass  together  with 
a  pair  of  nippers.  If  this  is  neatly  done,  the  mercury  on  cooling 
will  sink  in  the  tube,  leaving  a  vacuum  above  it.  The  boiling 
point  of  distilled  water  is  212°  Fahr.,  at  the  ordinary  baro- 
metric pressure,  and  the  freezing  point  of  water  is  32°  Fahr., 
consequently  the  boiling  point  and  the  freezing  point  are  easily 
obtained.  The  intermediate  space  is  divided  into  180^.  In  both 
the  Gentigrade  and  B&iumur  thermometers  the  freezing  point 
is  marked  zero  (0),  the  boiling  point  in  the  Gentigrade  is  100% 
whilst  in  the  B^aumur  it  is  80^. 

Spirit  thermometers  are  used  for  taking  very  low  temperatures, 
as  spirite  cannot  be  frozen. 

Begistering  thermometers  are  made  by  contracting  the  neck  of 
the  bulb,  so  that  when  the  mercury  expands  upwards  by  heat,  a 
portion  of  the  mercury  will  remain  to  indicate  the  highest  point 
reached.  Another  mode  is  to  separate  a  small  portion  of  the 
mercury  by  a  small  air-bubble,  from  the  rest.  To  reset  the 
thermometer,  allow  it  to  cool,  and  then  shake  down  the  small 
portion  of  mercury  which  registers  the  high  temperature. 

In  measuring  the  melting  points  of  metals,  the  temperature 
must  be  taken  just  before  melting  takes  place,  because  at  the 
moment  of  liquefaction  a  certain  quantity  of  latent  heat  is  absorbed, 
and  beyond  that  point  the  temperature  of  the  melted  metal  might 
rise  considerably,  and  make  the  observation  incorrect ;  as  a  thermo- 
meter cannot  then  be  directly  applied  a  pyrometer  is  employed. 
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Nmnercnis  pyiometerB  have  been  derised  for  ascertaimng 
temperattuee  by  the  ezpansioii  of  air  &om  heat.  l%is  ta  the  priaciple 
of  the  pyrometeis  of  Schmidt,  Petersen,  and  FoniHet.  Where 
these  instnunenta  can  be  conTenientl;  applied,  they  are  capable  of 
yielding  very  accurate  lesolts. 

The  final  indications  of  this  kind  of  pyrometer  will  of  conrse  be 
arrived  at  by  the  laws  of  expansion  of  air  and  gases  by  heat. 
M.  Begnanlt  g^rea  the  unonot  of  expansion  of  atmospheric  air 
heated  from  32°  Fahr.  to  212°  Fahi.  as  3665  ot  -3670  on  its 
original  bnlk  at  S2^  Fahr. 

Wedgwood's  pyrometer  was  fonnded  on  the  property  which 
clay  poflseeees  of  contracting  at  high  temperatniee.  The  apparataa 
consisted  of  a  metallic  groore,  24  inches  long,  the  ndes  of  which 
converged,  bong  half  an  inch  wide  above,  and  three-tenths  of  an 
inch  below.  The  clay  was  made  np  into  little  cylindera,  or 
truncated  cones,  which  fitted  the  top  opening  of  the  groove  when 
they  had  been  heated  to  redness ;  and  their  subsequent  oontraotdon, 
when  still  further  heated,  was  shown  by  their  sliding  gradually 
down  the  groove  till  they  arrived  at  a  part  of  it  tiuoogh  which 
they  oonld  not  pass. 

This  measure  of  heat  is  no  longer  employed  hj  scientific  men, 
as  its  indications  cannot  be  rehed  npon,  owing  to  the  variations  in 
the  quality  of  day,  &o. ;  bnt  there  aro  times  when  the  principle 
involved  in  its  constroction  may  be  of  use  for  rough  approximations 
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whereas  it  can  be  shown  that  the  utmost  temperature  to  be  obtained 
by  the  combustion  of  carbon  with  atmospheric  blast  cannot  exceed 
4600°  Fahr.,  a  temperature  &r  exceeding  even  the  melting  point 
of  mild  steeL 

Since  the  invention  of  the  above  in  1782,  a  number  of  other 
heat  measurers  have  been  constructed,  of  which  the  following  are 
the  most  useful  and  reliable: — ^DanieU's,  Schmidt's,  Gauntlett's, 
Wilson's,  Bailey's,  Garsatelli's  and  Siemens's  Electrical  Pyrometer. 

The  great  majority  of  substances  expand,  when  heated,  more 
particularly  the  metals,  and  steel  expands,  when  heated,  more 
when  tempered  than  when  not  tempered. 

In  Pro£9B8Qr  Darnell's  pyrometer,  the  temperature  is  measured 
by  the  expansion  of  a  metei  rod,  enclosed  in  a  case  composed  of 
black-lead  and  day,  in  &cb  of  the  same  composition  as  a  plumbago 
crucible,  in  which  is  drilled  a  hole  A  of  an  inch  in  diamet^, 
and  7^  inches  deep.  Into  this  hole  the  cylindrical  rod  of  soft  iron 
or  platinum  of  nearly  the  same  diameter,  and  6^  inches  long,  is 
introduced  so  as  to  rest  against  the  solid  end  of  the  hole ;  and 
upon  the  outer  or  free  end  of  the  metallic  rod  rests  a  cylindrical 
piece  of  porcelain,  called  the  index.  When  the  instrument  is 
heated,  the  metal,  expanding  more  than  the  case,  presses  the  index 
forward,  which,  by  means  of  a  wedge,  is  kept  in  the  position  to 
which  it  has  been  forced,  when  the  instrument  is  removed  from 
the  famaoe  and  oooled.  A  scale  is  then  attached  to  measure  the 
precise  extent  to  which  the  index  has  been  pushed  forward  by 
the  metallic  rod;  it  thus  indicates  the  difference  between  the 
elongation  of  the  platmum  rod,  and  that  of  the  black-lead  case  which 
contains  it.  For  its  indications  to  be  absolutely  correct,  it  is 
necessary  that  the  rod  and  the  case  should  expand  uniformly,  or 
both  vary  at  the  same  rate. 

A  very  inconvenient  circumstance  attending  the  employment  of 
this  instrument  is  that  no  indications  of  temperature  can  be  obtained 
by  it  until  it  is  removed  from  the  furnace. 

Gauntlett's  pyrometer  is  constructed  on  the  principle  of  obser- 
vations made  upon  the  differential  expansion  of  rods,  or  tubes,  of 
brass  and  iron.  This  cannot  be  reUed  upon  beyond  a  point 
approaching  red  heat,  at  which  permanent  elongation  of  the  metals 
sets  in.    Such  pyrometers  are  within  limits,  however,  very  usefhl, 
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and  seTeral  varietiee  ore  made,  of  which  two  are  illnBtiafcd  in 
Plates  XVill.  and  XIX.,  the  fbimei  showing  GarBatelli'B  and  the 
latter  Baile^'B. 

The  mstnunent  made  by  Oaraatelli  oonsiBta  of  a  tube  a  of  iron 
01  other  metal,  which  at  one  end  ia  screwed  into  a  metal  cone  h, 
having  through  it  a  number  ctf  transverse  holes  e,  and  at  the  other 
end  to  a  flanged  eoclet  d,  and  inside  the  tube  a  there  la  a  second 
or  smaller  tube  e  of  metal,  the  ratio  of  expansion  of  which  by 
heat  is  different  from  the  enter  tube.  This  inner  tnbe  e  is  also 
screwed  at  one  end  to  the  metal  cone  h,  and  has  at  the  other  end 
transverse  holes  /,  and  a  ping  ff,  into  which  is  screwed  one  end  of 
a  rod  h,  which  pasaee  through  a  stem  t,  screwed  and  .adjusted  to 
the  flanged  socket  on  the  top  of  the  ont«r  tube,  and  afterwards  heJd 
firm  by  the  nnt  h ;  and  to  this  stem  t  is  fixed  a  case  provided  with 
a  dial.  The  other  end  of  the  rod  A  is  in  contAct  with .  a  small 
block  »  pivoted  to  an  arm  o  of  the  toothed  quadrant  or  segment  p 
gearing  into  a  pinion  on  the  spindle  carrying  the  index  hand,  and 
as  the  rod  h  is  moved  np  or  down,  aocording  to  the  expansion  or 
Gonttaction  of  the  tnbes  of  metal,  it  gives  motion  to  the  toothed 
quadrant  and  pinion,  and  consequently  to  the  index  hand.  The 
hot  blast  is  passed  through  the  instmment  by  inserting  the  eoae  b 
into  the  socket  of  the  plug  of  the  tnyere-tube,  or  other  suitable 
place,  the  current  passing  through  the  inner  tube  through  the 
holes  at  the  top,  between  the  inner  and  outer  tubes,  and  out 
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reqnired^  and  there  are  also  two  hands,  one  of  which  makes  a  com- 
plete reyolution  for  eyery  degree  indicated  by  the  other,  and  thus 
at  every  reyolution  of  the  smaller  hand  the  larger  hand  will  only 
moye  one  degree,  bat  in  its  whole  revolution  will  indicate  the  total 
heat. 

In  Fig.  1,  Plate  XIX.,  A  is  a  wrought-iron  tube,  passing 
through  the  brickwork  B,  and  having  a  brass  or  copper  tube  0, 
screwed  in  on  the  other  side  of  the  brickwork  as  illustrated.  D  is 
a  wrought-iron  rod  connected  with  a  quadrant  at  one  end  for 
actuating  the  index  spindle,  and  which  rod,  being  of  the  same 
material  as  the  tube  A,  only  that  portion  of  its  length  which 
extends  beyond  the  mouth  of  such  tube  A  into  the  furnace  or  oven 
has  any  influence  in  indicating  the  temperature  of  the  furnace  or 
oven  by  the  difference  in  its  expansion  as  compared  with  the  brass 
or  copper  tube  0,  but  any  other  materials  which  expand  unequally 
may  be  employed  either  in  the  form  of  rods  or  tubes,  provided  that 
the  tube  which  passes  through  the  brickwork  is  compensated  for  by 
an  inner  tube  or  rod  of  the  same  material  and  length  as  the  tube  or 
casing  A. 

In  Figs.  2  and  3,  E  is  the  index  spindle  carrying  the  index 
hand  F,  disc  wheel  G,  and  mill-headed  knob  H,  all  firmly  secured 
upon  the  spindle.  I  is  a  toothed  pinion  combined  with  a  ratchet- 
wheel  J,  which  is  mounted  loosely  upon  the  spindle  E,  but  is  com- 
pelled to  turn  with  it  in  one  direction  by  the  application  of  a  spring 
pawl  E,  mounted  upon  the  £ace  of  the  disc  wheel  G,  and  taking 
into  the  teeth  of  the  ratchet-wheel  J ;  the  pinion  I  gears  with  the 
ordinary  toothed  quadrant  L,  which  is  connected  with  the  internal 
tube  or  rod,  upon  the  expansion  of  which,  as  compared  with  the 
external  tube,  the  indicating  depends.  This  pinion  acts  upon  the 
spindle  E,  as  if  it  was  fixed  thereupon,  but  if,  through  permanent 
expansion  of  either  of  the  differently  expanding  materials  em- 
ployed, the  index  finger  F  £suls  to  return  to  the  starting  point,  by 
turning  the  nob  or  handle  H,  the  spindle  may  be  turned  in  the 
direction  of  the  arrow  without  affecting  the  position  of  the  pinion, 
as  the  spring  pawl  E  permits  the  disc  wheel  G  to  turn  indepen- 
dentiy  in  that  direction,  and  thus  the  instrument  may  be  adjusted 
to  the  greatest  nicety.  To  ascertain  the  fractions  of  a  degree  of 
temperature,  a  toothed  wheel  M  is  fitted  to  the  spindle  E  gearing 
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vith  a  pinion  K,  which  txam  a  pointed  band  0  indicating  npon  a 
amaller  dial 

The  principle  of  the  meaaiirement  of  high  temperatnres  founded 
upon  the  qnantitf  of  heat  imparted  to  a  given  bulk  of  irater,  at 
sraae  known  temperature,  by  plnnging  therein  a  heated  body,  is 
that  upon  which  Wilaon'a  pyn»aetor,  Figs.  1  and  2,  Plate  XVlIa., 
is  based. 

The  ioetrament  oonastB  of  a  copper  vessel  A,  capable  of  holding 
rather  more  than  a  pint  of  water,  and  well  protected  against  radia- 
tion by  having  two  double  casings  around  it,  the  inner  oontaining 
air,  and  the  outer  filled  with  felt.  A  good  mercury  thermometer 
B  is  fixed  in  it,  having  in  addition  to  the  ordinary  scale  a  small 
aHdmg  sale  C,  gradiiatad  and  £gttied  with  60°  to  1°  of  the  ther- 
mometer scale :  there  is  also  provided  a  cy^drical  piece  of  copper 
D,  accnratoly  adjusted  in  size  so  that  ite  total  capacity  for  heat  shall  be 
^th  that  of  a  pint  of  water.  In  using  the  pyrometer,  a  pint  of  water 
is  measured  into  the  copper  vetasel,  and  the  sliding  pyrometer  scale 
C  is  Bet  with  its  zero  at  the  temperature  of  the  water,  as  indicated  by 
the  mercury  thennometer  B ;  the  piece  of  copper  is  then  attached  to 
a  piece  of  wire  placed  in  the  substance,  the  temperature  of  which  it 
is  wished  to  ascertain,  and  is  allowed  to  become  heated  for  about  two 
minut«8,  when  it  is  quickly  dropped  into  the  water  in  the  copper 
vessel,  and  raises  the  temperature  of  the  crater  in  the  proportion  of 
1°  for  each  50°  of  temperature  in  the  copper ;  the  rise  in  tempo- 
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placed,  and  the  hot  blast,  conducted  by  the  tube  G  from  the  pipe  D, 
drcnlates  through  the  second  chamber,  passing  out  by  the  tapered 
nozzle  K  The  outer  space  is  filled  with  a  substance  of  low  con- 
ducting power. 

The  temperature  indicated  by  the  thermometer  does  not,  of 
course,  represent  the  actual  temperature  of  the  hot  blast ;  but  to 
ascertain  this  it  is  only  necessary  to  insert  a  metallic  pyrometer  in 
the  h0t4)b8t  pipe  D,  and  compare  the  relatiye  indications,  in  order 
to  fix  a  ratio.  Any  nOo  desired  may  be  obtained  by  a  simple 
adjustment  of  the  bore  of  the  tapered  nozzle.  When  the  object  is 
only  to  regulate  the  temperature  of  the  blast  tiiis  adjustment  is 
not  required,  it  being  sufficient  to  note  the  degrees  indicated  by  the 
thermometer  when  the  blast  is  at  the  ordinary  working  temperature, 
and  thereafter  maintain  it  at  that  point. 

The  electrical  resistance  of  metal  conductors  depends  upon  their 
dimensions,  material,  and  upon  their  temperature ;  an  increase  of 
the  latter  causing  a  corresponding  increase  of  resistance.  The  law 
of  this  increase  is  known.  Thus  the  resistance  of  a  conductor 
being  ascertained  at  0""  Centigrade,  it  can  be  calculated  for  any 
temperature,  and,  vice  versa,  if  the  resistance  can  be  found  by 
measurement,  the  temperature  can  be  calculated.  And  this  is  the 
principle  upon  which  Siemens '  electrical  pyrometer,  Plate  XX.,  is 
based. 

A  platinum  coil  of  a  known  resistance  at  0°  Centigrade  is  coiled 
on  a  cylinder  of  fire-clay,  protected  by  a  platinum  shield  P,  which  is 
placed  in  an  iron  or  platinum  tube,  and  then  exposed  to  the  tempe- 
rature to  be  determined.  Leading  wires  Z  Z  are  arranged  to  connect 
this  coil  with  an  instrument  suitable  for  measuring  its  resistance, 
and  firom  this  resistance  the  temperature  can  be  calculated.  These 
leading  wires  can  be  brought  from  the  furnace  into  an  office,  where 
the  temperatures  could  be  read  off,  and  recorded  as  often  as  required. 

The  resistance  measuring  instrument  suppUed  for  the  purpose 
is  a  differential  voltameter.  This  consists  of  two  separate  glass 
tubes,  in  each  of  which  a  mixture  of  sulphuric  acid  and  water  is 
decomposed  by  an  electrical  current  passing  between  two  platinum 
electrodes.  The  gas  which  is  generated  is  collected  in  the  long 
cylindrical  and  carefuUy-caUbred  top  of  the  tube,  and  its  quantity 
is  read  off  by  means  of  a  graduated  scale  fixed  behind  the  tubes. 
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AfoTRl)le  reservoirs  are  provided  communicatiiig  witih  the  tabes 
to  r^nlat«  the  level  of  the  liqoid. 

The  cnirent  of  the  battery  ia  divided  by  passiDg  a  eommtitator 
into  two  ciicnits,  ona  of  which  consists  of  an  artificial  reeietance  in 
the  iuatnmient  and  the  platinum  eleotrodee  in  one  tnbe ;  the  other, 
of  the  resistsQce  to  be  meaanred  and  tiie  dectrodes  in  the  other 
tube.  The  qnantitiee  of  gas  developed  in  the  two  tubes  are  in 
inverse  proportion  to  the  reeistancee  of  their  respective  cirooito, 
therefore  one  of  the  resistances,  viz.  that  in  the  instmment,  being 
known,  the  other  can  be  calculated. 

The  makers  give  the  following  directions  for  nae: — Fill  the 
battery  glassea  with  pore  water,  or,  in  case  of  the  power  of  the 
battery  deoreasing,  with  a  solntioo  of  Bal-ammoniac  in  water. 
Connect  the  polee  to  B  and  B'  on  the  oommatator.  Expose  the 
small  end  of  the  pyrometer  tnbe,  as  far  as  the  cone,  to  the  beat  to 
be  measured,  and  connect  the  terminals  X,  X',  G  to  the  ends  of  the 
leading  cable,  bearing  corresponding  lettera.  Connect  the  other  end 
of  the  leading  cable  to  the  terminals  X,  X',  C  on  the  voltameter. 

The  differential  voltameter  ia  to  be  filled  with  the  dilated 
.  anlphnrio  acid  through  the  reservoirs,  the  indiambber  cnshioos 
being  lijt«d  &om  the  top  of  the  tnbes.  The  commntator  is  to  be 
turned  so  that  the  contact  springs  on  both  atdea  reet  on  the  eboniteu 
The  liquid  in  both  tnbes  is  to  be  regulated  to  the  same  level,  0°  of 
scale,  and  the  indiarubber  cushions  to  be  let  down  again.   CHve  the 
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CHAPTER  VIII. 

BSFBAOTOBY  MATEBIALa 

Although  the  snocess  of  metallurgical  operations  depends  so 
largely  on  the  possibility  of  finding  proper  refractory  materials, 
and  they  enter  so  prominently  into  the  cost  of  these  operations^  it 
can  hardly  be  said  that  onr  knowledge  of  them  is  in  a  very  satis- 
bdborj  condition,  or  even  that  we  know  very  much  about  them, 
beyond  a  few  fsu^ts  which  haye  been  gathered  through  their  nse. 
Experience,  as  a  general  thing,  is  an  excellent  master,  but  the 
requirements  of  modem  metallargy  increase  so  rapidly  that  the 
acquirements  of  experience  become  as  rapidly  useless,  because 
the  exactions  of  temperature  increase  so  fiEist,  that  the  material 
depended  on  yesterday  is  of  but  little  value  to-day.  No  materials 
are  required  to  resist  so  many  and  such  yaried  conditions  as  those 
required  for  crucibles,  retorts,  and  fumaee  linings. 

Such  is  the  opinion  expressed  by  Dr.  T.  Egleston  in  a  valuable 
paper  on  refractory  materials,  read  before  the  American  Institute  of 
Mining  Engineers,  and  to  which  we  are  indebted  for  the  major  part 
of  the  present  chapter. 

Dr.  Egleston  goes  on  to  observe,  that  in  the  use  of  a  given 
refractory  material  it  will  often  be  found  that  the  same  substance  is 
called  upon  to  fulfil  conditions  which  are  not  only  different,  but 
exactly  the  reverse  the  one  of  the  other.  At  one  time  it  must 
resist  an  oxidizing,  and  immediately  after  withstand  more  or  less  of  a 
reducing  action.  Now  the  action  must  be  neutral,  followed  by  the 
corrosive  action  of  scorias,  or  sulphuric  acid,  or  it  must  withstand 
the  action  of  basic  scoria,  and  immediately  afterward  only  resist  the 
action  of  metals  in  fusion.  The  same  substance  must  resist  the 
destructive  action  of  melting  as  well  as  melted  oxides,  sulphides  and 
silicates,  and  at  the  same  time  be  proof  against  any  amount  of  heat. 
We  seem  to  be  astonished,  and  often  complain,  that  one  brick  which 
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reoBtfi  the  inflaenoe  of  oxide  of  iron,  Bhonld  bil  entirely  imder  a  gas 
flame,  and  that  another  should  alag  tmder  the  infloenee  of  oxide  of 
iron,  but  remet  clear  heat  well,  and  yet,  when  the  nature  of  the 
material  is  ccm»dered,  we  see  that  it  conld  not  rery  well  be  otherwise. 
In  many  cases,  and  in  certain  portions  of  a  fomace,  the  brick  may 
be  called  upon  only  to  support  a  very  high  temperatnro,  coming  in 
contact  with  the  flame  alone,  and  this  ie  the  most  trying  condition  of 
all  onr  modem  requirements,  for  nnder  these  conditions  the  material 
mnst  resist  the  temperature,  and  remain  infiiaible  without  decompo- 
sition. Clacking,  or  alteration  of  any  kind,  and  still  retain  strength 
sufficient  to  resist  the  preesoro  of  the  furnace. 

The  Bubstances  wiUi  which  we  haTO  to  deal  as  re&actory  mate- 
rials are  silica,  alumina,  lime,  magnesia ;  clays  which  are  8ihcat«s  of 
alomina,  more  or  lees  pure ;  the  hydrated  aluminatd  of  iron,  known 
as  bauxite,  and  some  silicates  of  magneraa,  as  talc,  steatite,  and  the 
mineials  which  are  allied  to  them,  all  of  which  subetancee  are  fumble 
in  the  strict  sense  of  the  word,  but  are  generally  in^imble  at  com- 
mercial temperatures.  To  these  substances  two  others  must  be 
added  as  powerful  agents  to  render  infusible,  under  certain  con- 
ditions, substances  which  would  otherwise  be  fusible,  and  these  are 
water  and  carbon,  in  the  shape  of  coke  or  graphite. 

8ome  few  rocks  aro  used  as  re&actory  materials,  without  under- 
going change.  These  rocks  are  qnartzitee,  granites,  some  sandstones, 
conglomerates,  serpentines,  steatites,  and,  in  certain  cases,  as  in 


BEFBAOTOBY  MATEBIAL8.  95 

anhydronSy  which  is  quartz  and  jasper,  cannot  be  used  alone,  as  it 
cracks  and  splinters.  If  it  is  to  be  used,  therefore,  it  must  be 
reduced  to  powder.  The  hydrous  varieties  gelatinize  with  acids, 
and  are  found  as  powders  and  soft  stones,  which  pass  under  dif- 
ferent names  in  different  countries.  They  contain  from  30  to  87 
per  cent  gelatinizing  silica,  from  2  to  10  per  cent,  water,  and  from 
0  to  40  per  cent,  insoluble  silica,  with  from  2  to  10  per  cent,  of 
iron,  alkalies  and  alkaline  earths.  These  impurities  are  generally 
in  too  small  quantities  to  affect  their  refractory  quaUties.  The  rock 
is  so  tender,  that  M.  Deville  has  had  crucibles  made  in  a  lathe  out 
of  it,  but,  as  the  composition  is  neyer  regular,  vessels  made  by  mix- 
ture are  always  better.  Though  silica  is  infusible,  it  cannot  gene- 
rally be  used  without  being  ground,  and,  as  it  has  no  binding 
quiJity  like  alumina,  a  small  portion  of  binding  material  must  be 
added  to  make  it  hold  together.  For  the  Dinas  brick,  which  is  the 
best  substance  to  resist  heat  alone,  this  binding  material  is  lime. 
The  brick  is  made  of  quartzose  sandstone,  which  is  first  heated  in  a 
furnace,  and  thrown  into  water,  to  break  it  up,  and  is  then  ground. 
It  is  composed  of 

8iO«  98-31  to  96-78      I      Pe«0»  - 18  to  -48      I      UaKO  •  14  to    20 
A1«0»    -72  to    1-39      I      CaO     -22  to -14      |      HO       -35  to -50 

The  amount  of  lime  required  to  bind  it  together  is  1^  per  cent. 
The  joints  between  the  bricks  are  filled  with  the  same  material.  At 
a  temperature  of  2200°  C,  about  4280°  Fahr.,  these  bricks  will  last 
four  weeks  in  the  roof  of  an  ordinary  furnace,  and  in  that  time  will 
be  reduced,  by  abrasion  of  the  flame,  and  dust,  and  slightly  from 
chipping,  from  9  to  2  inches.  The  bricks  conduct  the  heat  so 
badly,  that  at  this  temperature,  which  is  a  bright  white  heat  on  the 
inside  of  the  furnace,  it  is  only  just  warm  on  the  outside.  Ordina- 
rily, the  bricks  seem  to  be  fluxed  away  by  the  dust,  which  circulates 
with  the  gases.  In  the  Siemens  furnace,  where  there  is  no  dust, 
they  give  out  from  weakness.  They  cannot  be  applied  to  any  part 
of  the  furnace  where  there  is  any  wear.  Their  principal  cause  of 
deterioration  seems  to  be,  the  lowering  of  temperature  due  to  stop- 
pages on  Sunday,  when  the  bricks  flake,  either  as  the  fiimace  cools, 
or  when  it  is  again  heated.  It  was  at  first  supposed  that  these 
bricks  could  only  be  made  from  the  Dinas  stone,  but  it  is  now 
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known  that  £h^  may  be  made  &om  any  pnre  BilicioiiB  lock  wUch 
has  been  gronnd  and  mixed  with  the  proper  qoauiity  of  lime. 

In  ganister,  used  for  the  Bessemer  coQTerters,  the  binding 
material  is  alumina,  chemically  combined  with  aihca,  in  the  shape 
of  clay.  It  is  generally  nnbnmed,  and  it  is  rery  important  that 
the  mixture  ehonld  be  so  made,  that  it  will  expand  a  Uttle,  bat  not 
Bhrink  at  alL  For  this  pnrpose,  quartz,  as  pore  aa  it  can  be  had, 
is  mixed  with  alominons  clay. 

SOica  is  generally  a  very  cheap  material,  and  preferable  to  any 
other  Bnbetanoe  if  it  is  used  only  to  resist  heat,  but  cannot  be  used 
if  any  considerable  quantity  of  ecoriaa  are  formed.  In  such  cases 
bauxite,  or  other  alnminoiiB  material,  will  be  fonnd  to  be  preferable. 

Lime,  or  lime  rocks,  cannot  be  generally  used  in  commercial 
operations,  becaose  the  carbonate,  the  only  form  in  which  we  have 
it,  becomes  canstic  nnder  heat,  and  this,  when  leil  to  itself,  absorbs 
water  and  ialls  to  powder.  It  can  be  nsed  when  an  operation  is 
contmaons,  bat  in  no  other  case.  In  Styria  the  hearths  and  sides 
of  blaet-fnmaceB  are  sometimes  made  of  it,  bnt  they  are  generally 
quickly  abraded  and  make  bat  short  campaigns.  Lime  is  infusible ; 
bricks  of  it  are  nsed  for  the  fusion  of  platinum.  It  is,  however, 
Tery  easily  acted  npon  by  siUca,  bat  when  this  is  absent  it  is  one  of 
tiie  most  refractory  snbetancee  known. 

Magnesia  made  &om  the  carbonate  by  driving  off  the  carbonic 
acid  is  very  re&actory,  if  pnre.     It  is  made  into  any  shape  that  is 
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too  little  water,  or  because  the  material  was  not  properly  mixed,  or 
contains  silica,  the  cmcible  is  not  strong  enough,  it  has  only  to  be 
dipped  in  water  which  has  been  saturated  with  boracic  add,  and 
then  heated. 

Bauxite  is  one  of  the  natural  substances  which  has  been  re- 
cently applied  as  a  refractory  material.  It  is  a  compound  of  silica, 
alumina,  and  water.  Like  all  aluminous  substances,  it  has  the 
advantage  of  tending  to  form  aluminates  which  are  less  fusible  than 
silicates,  and  are  generally  completely  infusible  at  commercial 
temperatures.  It  does  not  have  a  very  constant  composition,  as 
silica  is  sometimes  not  even  present  at  all,  as  is  shown  by  Berthier's 
analysis  given  below  : — 

Table  V. — Analyses  of  Bauxite. 


Berthier. 

DeviUe. 

School  of  Mloea. 

A1»0» 

Fe«0»     ..     ..     .. 

SiO«       

HO        

TiO«      

520 
27-6 

26' 4 

•  * 

58- 1 

30 

21-7 

140 

8-2 

6000 

0-80 

23-00 

15-00 

•  • 

Total     ..      .. 

100-0 

100  0 

98-80 

Dr.  Siemens  states  that  a  series  of  experiments  to  form  solid 
lumps  by  using  different  binding  materials  have  shown  that  3  per 
cent,  of  argillaceous  clay  suffices  to  bind  the  bauxite  powder  pre- 
viously calcined.  To  this  mixture  about  6  per  cent,  of  plumbago 
powder  is  added,  which  renders  the  mass  practically,  infusible, 
because  it  red^ices  the  peroxide  of  iron  contained  in  the  bauxite  to 
the  metallic  state.  Instead  of  plastic  clay  as  the  binding  agent, 
waterglass  or  silicate  of  soda  may  be  used,  which  has  the  advantage 
of  setting  into  a  hard  mass,  at  such  a  comparatively  low  tempera- 
ture asnot  to  consume  the  plumbago  in  the  act  of  burning  the 
brick.  When  the  lining  is  completed,  the  interior  of  the  bricks  is 
preserved  against  oxidation  by  fluid  cinder,  added  to  bind  them 
together,  which  also  prevents  contact  with  the  flame.  A  bauxite 
lining  of  this  description  resists  both  heat  and  fluid  cinder  in  a 
very  remarkable  degree,  as  was  proved  by  lining  a  rotative  furnace 
partly  with  bauxite  and  partly  with  carefully-selected  plumbago 
farioka.    After  a  fortnight's  working  the  brick  Uning  was  reduced 
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from  6  indieB  to  lees  than  baU an  inch;  wherera  the  banxito  lining 
waa  still  6  inches  thick  and  perfectly  compact  It  is  also  im- 
pratant  to  obserre  that  banxite,  when  exposed  to  intense  heat,  is 
(xmrerted  into  a  solid  nmes  of  emery  of  anch  extreme  hardness,  that 
it  can  hardly  be  tonohed  by  steel  tools,  and  is  capable  of  reosting 
meehanicsl  as  well  as  the  c^orifio  and  cliemical  actions  to  which  it 
is  exposed.    The  bauxite  used  for  this  lining  was  of  the  following 


Alumina       3S'62per  oenL 

Fsiozide  oT  iron 42'fi8      „ 

SUiea 4-12       „ 

Almost  all  the  alominates  of  iron  are  infusible.  Siemens  has 
taken  advantage  of  this,  to  make  banxite  bricks,  which  have  this 
oompoeition : — Alnmina,  50  per  cent. ;  seeqnioxide  of  iron,  35  per 
cent, ;  silica,  8  to  5  per  cent  They  last  fire  or  six  times  as  long 
as  tlie  best  Stourbridge  bricks.  Nothing  has  yet  beoi  found  whidi 
resists  the  corrosive  action  of  basic  slags  so  well 

The  materials  of  which  fire-bricks  are  generally  made,  however, 
are  fire-clays,  which  are  hydrated  ailicatee  of  alnmina,  containing 
from  50  to  65  per  cent,  of  silica,  SO  to  76  per  cent  of  alnmina, 
and  11  to  15  per  cent  of  water.  The  relation  between  the  silica 
and  alnmina  is  exceedingly  variable,  owing  to  &e  &ct  that  a  part 
of  the  silica,  which  is  not  always  the  same,  is  combined  and  a  part 
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Almost  all  days  contain  organic  matter ;  if  it  is  present  alone 
it  makes  the  clay  more  refractory,  since  the  presence  of  even  a 
small  amount  of  carbon  tends  to  increase  its  resistance  to  heat,  as 
seen  in  graphite  crucibles.  Pore  material  composed  exclnsively  of 
silica  and  tdnmina  would  be  completely  infasible.  Such  material 
Js,  however,  exceedingly  rare.  The  property  of  infusibility  is 
always  more  or  less  compromised  by  the  presence  of  foreign  sub- 
stances, which  tend  to  damage  it  or  take  it  away  altogether.  The 
day,  which  according  to  Brongniart  is  the  most  refractory  when 
deprived  of  its  hygrometric  water,  has  the  composition:  silica, 
57-42;  alumma,  42-58, 

While  the  refractory  nature  of  clay  is  due,  to  a  very  great 
extent,  to  its  chemical  composition,  it  is  not  due  to  it  alona  There 
are,  probably,  no  two  beds  of  clay  in  the  world,  or  distant  parts  of 
the  same  bed,  that  have  exactly  the  same  composition,  and  yet 
they  may  be  very  nearly  of  the  same  quality.  The  power  to  resist 
heat  is,  undoubtedly,  owing  in  part  to  the  molecular  condition  of 
the  partidee,  a  subject  which  has  been  but  Uttle  studied,  and  is  but 
little  understood.  Many  clays,  which  would  be  rejected  from 
chemical  analysis  alone,  are  sometimes  found  in  practice  to  be 
excellent  refractory  materials.  It  has  been  found  that  the  re* 
fractory  nature  of  the  clay  depends  also  to  a  great  extent  on  the 
mechanical  arrangement  of  the  particles,  for  of  two  materials 
having  exactly  the  same  chemical  composition,  one  being  coarse, 
and  the  other  in  a  fine  powder,  the  coarse  may  be  practically 
infrisible,  while  the  fine  may  be  more  or  less  easily  fusible.  The 
more  porous  the  same  substance  is,  the  more  infasible  it  will  be. 
It  may  be  said  in  general  terms  that  the  value  of  a  given  re« 
fractory  day  will  be  inversely  as  its  coarseness  and  as  the  amount 
of  iron  contained.  When  the  amount  of  iron  reaches  5  per  cent, 
the  material  becomes  worthless.  This  is  true,  however,  only  in 
general,  for  Pettigaud  dtes  an  excellent  day  from  Spain,  in  which 
there  is  25  per  cent,  of  iron.  This  is,  however,  an  exception,  and 
wiU  be  referred  to  again. 

In  order  to  be  usefrd,  clays  should  be,  or  should  be  made  to  be, 
more  or  less  plastic,  as  this  property  is  necessary  to  their  being 
moulded  into  the  many  shapes  required.  This  plasticity  is  owing 
to  the  fineness  of  the  particles,  to  the  presence  of  alumina,  and  to 
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the  mter  of  eomlonation.  It  is  diminiabed  by  the  presence  of 
iioD,  lime,  and  magnesia.  The  refractory  nature  of  the  claya, 
then,  is  due  tp  the  presence  of  alumina,  and  to  the  absence  of 
potash,  soda,  lime,  magnesia,  and  iron.  The  characteristics  of  all 
fine  clays  may  be  said  to  be  that  tbey  do  not  efferresce  with  adds, 
that  they  make  a  paste  with  water,  which  is  absorbed  eo  rapidly  as 
to  make  a  slight  noise.  This  paste  can  be  drawn  out  withont 
breaking,  and  is  very  plastic.  Dry,  they  are  solid,  and  break  into 
scales  when  stmck.  They  have  a  soapy  fed,  are  scratched  or 
polished  hj  the  nail,  can  be  cnt  into  long  ribbons  witii  a  knife,  and 
appear  somewhat  like  bom.  When  fresh  &om  the  qoarry  they 
have  a  more  or  less  fcetid  odonr,  owing  to  the  pres^ce  of  soma 
decomposed  organic  substances.  In  composition  tbey  contain,  as 
we  have  seen,  either  silica  or  alamina  in  excess.  Silica  in  excess 
makes  them  rough,  and  takes  away  most  of  th^  plasticity  and 
tenacity ;  altunina  makes  tbem  very  plastic ;  magnesia  makes  them 
yery  nnctnons,  and  almost  soapy,  bnt  does  not  make  them  foible ; 
lime  makes  them  dry  and  fosible ;  iron  and  other  substances  change 
their  colour,  and,  beyond  certain  very  restricted  limits,  make  them 
fusible.  The  grey  and  brown  colours,  up  to  black,  are  owing  to 
a  small  percentf^  of  bitmniDons  material.  'White  clays  are 
generally  considered  the  beet,  but  there  is  no  certainty  about  it, 
as  tbey  often  otack,  or  even  melt.  It  is  generally  an  exoeUent 
1  when  they  leave  unbroken  lines  when  scratched  by  the  nail. 
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disint^ratlon  or  chemkal  nnion.  If  possible  to  do  so,  all  clays 
fihoold  undergo  some  process  of  preparation  with  a  view  of  pnrify- 
ing  them. 

Every  person  using  clays  should  endeayoor  to  get  a  certain 
knowledge  of  their  properties  by  assay.  There  have  been  a  num- 
ber of  these  assays  published.  The  two  simplest  and  best  are  the 
one  proposed  by  Bischoff  and  the  foil  assay. 

BischofiTs  assay  is  based  on  the  comparison  of  every  day  with 
one  from  Gkmkirk,  in  Scotland,  which  is  taken  as  a  type.  For 
this  purpose  the  clay  to  be  examined  is  mixed  with  one,  two,  three 
to  ten  parts  of  quartz.  It  is  then  raised  to  a  known  temperature 
and  compared.  If  the  day,  with  three  parts  silica,  acts  like  the 
Scotch  day  mih  one,  it  is  called  three,  and  so  on.  The  best  and 
simplest  assay  seems  to  be  one  made  by  the  blowpipe,  which  con- 
sists in  mixing  a  small  quantity  of  clay  with  water,  and  then 
spreading  it  out  carefully  on  a  piece  of  platinum  foil  in  a  very  thin 
sheet,  which,  when  completely  dried,  is  submitted  to  the  flame  and 
compared  with  day  of  known  fusibiUty  prepared  in  the  same  way. 

Very  few  clays  can  be  used  as  found.  They  must  be,  as  it 
were,  suspended  in  some  fusible  material,  which  will  prevent,  as 
tax  as  possible,  the  mechanical  efifects  of  the  heat,  and  allow  at  the 
same  time  of  a  certain  amount  of  expansion  and  contraction,  while 
preventing  both  in  too  great  a  degree.  These  materials  are 
generally  called  "  lean,'*  that  is,  they  do  not  make  a  paste  with 
water,  and  require  some  binding  material  to  keep  them  together. 
They  are  usually  quartz  sand  or  pulverized  quartz,  burnt  clay,  old 
bricks,  serpentines,  talc,  graphite  in  powder,  and  not  infrequently 
small  coke,  when  the  ash  is  not  to  be  feared,  and  when  graphite 
either  cannot  be  had,  or  cannot  be  used  on  account  of  its  high 
price.  Some  few  clays  from  Spain  contain  this  material,  which 
comes  from  the  decomposition  of  talc  shale  in  which  they  have 
been  suspended  by  nature,  but  this  is  a  rare  exception.  The 
mixture  must  generally  be  made  artificially. 

Of  all  these  substances  quartz  sand  is  the  cheapest,  but  it  has 
been  found  by  experience  that  round  grains  of  sand  are  less  liable 
to  become  thoroughly  incorporated  with  the  binding  material  than 
the  angular  pieces  of  crushed  quartz,  so  that  when  a  very  refractory 
material  is  required  crushed  quartz  is  always  used.    As  the  day 
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cootiitctB,  the  qo&rte  expands,  oonaeqneiitly  a  mixtote  m&y  bfl 
made  whioh  will  not  change  its  fonn ;  hnt  in  s  given  case  this 
may  not  be  the  beat  mixture  for  a  spedal  nee.  If  the  mateiiid  has 
only  to  resist  great  heat,  an  excess  of  quartz  is  preferable ;  but  if  it 
most  also  resist  the  conoaiTe  action  of  basic  slags,  clays  bnmt  at  a 
high  heat,  graphite  or  ooke  can  be  used.  When  the  mixture  is 
made  in  the  place  where  it  is  to  be  used,  without  previous  burning, 
it  is  generally  made  of  one-fifth  plaatio  oUy  and  fbor-fiftha  burnt 
clay  or  quartz,  or  one-fourth  lean  clay  and  three-fourths  burnt 
clay  or  quartz.  This  is  done  to  avoid  contraction.  It  is  a  most 
ttxsioniical  oooatmction,  even  in  blast-fnmaoee,  and  is  coming  more 
and  more  into  use. 

The  day,  when  mined,  is  left  exposed  to  the  air  under  sheds, 
and  is  cleaned  and  carefully  dried,  and  is  afterwards  mixed  with 
the  substances  with  which  it  is  to  be  incorporated,  which  aie 
classified  by  nnmbeis,  varying  according  to  the  raze  of  the  sieve- 
holes  through  which  they  will  pass.  The  quantity  and  quahty  of 
the  mixture  will  determine  the  re&actocy  nature  of  the  material  to 
be  produced.  A  friable  paste  with  large  grains,  and  quite  porous, 
resists  ft  great  heat.  One  with  fine  grains  dose  and  oompact  sphts 
at  a  high  heat,  especially  if  it  is  not  homogeneous.  The  manner 
in  whidi  the  mixture  is  made  also  influences  the  quality  of  the 
brick  quite  as  much  as  the  matdriaL  In  some  works  in  Bdginm, 
after  taking  all  the  ordinary  precautions  to  make  the  mixture 
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beyond  one-tenth.  The  action  of  coke  or  graphite  is  to  deoompoee 
the  metallic  oxides  as  they  form,  and  thus  prevent  their  union 
with  the  material  of  the  cmcibla  Coke  may  be  profitably  naed  in 
the  place  of  graphite  when  the  ash  is  in  small  quantity,  free  firom 
inm,  and  highly  aluminous.  Beyond  2  to  3  per  cent,  graphite  cannot 
be  profitably  used,  as  it  weakens  the  article  and  renders  it  liable  to 
break.  The  mixture  which  gives  the  yery  best  results  for  small 
objects  is,  however,  worthless  for  large.  It  will  generally  be  found 
that  the  pieces  which  crack  up  and  down  in  drying  haye  had  too 
much  material  mixed  with  the  day,  and  those  which  crack  laterally 
haye  had  too  much  day. 

The  yery  greatest  importance  is  attached  in  some  industries  to 
not  haying  a  mixture  made  by  a  machine.  In  most  places  even  to 
this  day  the  inhuman  method  of  hed  treading  is  used,  because, 
either  from  the  &ct  that  more  care  is  exercised,  or  because  smaller 
quantities  are  mixed  at  once,  better  results  are  obtained.  The 
more  the  operations  of  mixing  are  repeated,  the  better  the  material, 
and  it  is  undoubtedly  true  that  with  mechanical  means  such  a 
homogeneous  paste  is  not  produced  as  can  be  made  by  human 
labour,  because  the  whole  object  of  the  machine  is  to  operate  on 
large  quantities  at  a  time. 

The  paste  made,  and  the  artide  completed,  it  must  be  dried  or 
"  tempered."  This  is  commenced  in  the  open  air,  and  if  possible 
out  of  the  draught  If  the  draught  cannot  be  exduded,  the  place 
where  the  drying  takes  place  is  slightly  heated,  commencing  at  a 
temperature  from  60^  to  70^  Fahr.  and  keeping  it  up  £rom  twenty- 
fiye  to  thirty  days,  then  increasing  it  from  80°  to  100^,  leaving 
the  article  as  long  as  possible,  an  active  ventilation  but  the  same 
temperature  being  kept  up.  The  article  should  remain  in  a  tem- 
perc^ure  of  from  150"^  to  180^  for  at  least  six  weeks.  Bricks  do 
not  generally  require  such  care;  but  crucibles  and  retorts  do. 
Long  experience  has  proved  that  there  is  a  great  economy  in 
conducting  this  process  of  tempering  as  slowly  as  possible,  and  that 
it  influences  materially  the  refractory  nature  of  the  artide. 

It  is  found  by  actual  experiment  in  crudble  works  that  those 
crucibles  made  firom  the  same  mixture,  tempered  during  six  to 
eight  months,  last  more  than  three  times  as  long  as  those  which 
have  been  tempered  only  two ;  so  that  in  general  the  older  the 
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artiole  bafine  bdng  bnmecl  the  better.  Tbia  Jefflooatioii,  while 
perhaps  it  is  the  most  important  part  of  tbe  mBniifactnre,  ia  iin- 
doabtadly  tbe  one  most  oegleoted.  A  poor  article,  well  tempered, 
is  oflen  better  than  the  beet  wbiob  bas  been  hastily  dried.  By 
working  rapidly  and  filling  np  cracks  as  they  form,  in  a  too  rapidly 
heated  drying  bonae,  with  a  very  liquid  material,  in  order  to  secnre 
complete  penetration,  both  time  and  money  are  lost.  The  material 
never  lasts  nearly  bo  long  as  when  slowly  dried.  In  tbe  works  at 
Andenne,  in  Be^nm,  large  pieces,  like  glaBshoQse  pots,  are  kept 
mx  months  in  the  drying  bouse  before  tbey  are  burned,  and  during 
this  time  tbe  greatest  care  is  taken  to  prevent  any  air  colder  tb&n 
tbe  drying  room  to  strike  them.  Leaving  the  door  of  the  drying 
furnace  <^n  has  been  known  to  crack  tbe  pieces,  which  had  been 
up  to  this  point  most  carefnlly  prepared  and  tempered. 

In  reviewing  the  effects  which  the  different  elements  which 
constitote  refractory  materials  have,  we  find  that  the  same  element 
often  prodncee  exactly  contrary  effects,  according  to  the  proportion 
in  which  it  is  present,  and  that  there  ia  nothing  anomalous  in  those 
effects  being  so  prodoced.  Silica  causes  ezpanEoon  when  highly 
heated,  so  that  tbe  mould  for  shaping  bricks  most  be  smaller  than 
the  brick  is  to  be.  Every  mixture  has  its  own  particular  rate  of 
expansion  and  contraction.  This  expansion  not  only  takes  pkce 
when  the  bricks  ate  made,  but  i^  when  used,  they  are  submitted  to 
a  higher  degree  of  beat,  they  expand  still  further,  and  contract  on 
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highly  heated  at  first,  it  nndergoes  bat  little  change.  Thongh  both 
silica  and  almnina  affect  each  other  nnfayoxurably,  Bischoff  fonnd 
that  4  of  almnina  to  1  of  silica,  or  2  to  1  or  1  to  1,  only  splintered 
before  the  oxyhydrogen  blowpipes,  making  masses  with  a  granular 
fracture.  One  of  alumina  to  2  of  silica  was  fusible  like  porcelain, 
but  somewhat  granular.  One  of  alumina  to  4  of  silica,  and  1  of 
alumina  to  6  of  silica,  melted  like  a  thick  enamel,  which  shows  that 
the  acid  silicates  of  alumina  are  much  more  fusible  than  the  basic. 
He  also  found  that  a  mechanical  mixture  of  alumina  and  silica  was 
less  fusible  than  the  same  amount  in  a  natural  combination,  and 
that  in  general  silicates  already  formed  are  more  fusible  than  a 
mixture  of  their  constituents.  The  general  property  of  alumina, 
when  mixed  with  other  substances,  is  to  bind  them  together. 
When  combined  with  iron  or  other  bases  alone,  it  makes  infusible 
aluminates ;  but  if  silica  is  present,  it  fuses  more  or  less  easily.  It 
is  generally  considered  that  the  proportion  of  alumina  in  a  brick 
should  be  between  10,  20,  and  25  per  cent. 

The  alkalies  in  small  quantities  make  a  brick  fusible.  There  is 
a  great  difference  of  opinion  among  those  who  have  studied  this 
subject  with  regard  to  this  quality.  Snelus  states  positively  that 
1  per  cent,  of  alkalies  in  an  otherwise  good  material  makes  it  too 
fusible  to  withstand  high  temperatures.  Biley  states,  with  equal 
positiyeness,  that  he  has  found  brick  containing  2*73  potash  to 
resist  the  greatest  heat  of  a  Siemens-Martin  furuace.  It  is  pro- 
bable that  both  are  right,  and  that  in  the  special  cases  alluded  to, 
the  peculiarities  were  owing  to  the  association  of  elements.  In 
any  case,  a  material  with  a  very  small  percentage  of  alkalies  cannot 
be  used. 

Lime  alone  is  comparatively  infosible,  but  in  very  small  quan- 
tities in  a  clay,  it  makes  a  brick  fusible  at  very  high  temperatures. 
One  per  cent,  of  it  with  silica  makes  the  most  fusible  bri^  known. 
Magnesia  in  small  quantities  makes  the  clay  fusible.  In  very 
large  quantities  it  is  very  refractory.  Alone,  it  is  entirely  in- 
fusible. 

Oxide  of  iron,  in  the  absence  of  alkalies,  may  be  present  in 
small  quantities  without  seriously  affecting  a  clay,  unless  it  is  to  be 
used  for  melting  steeL  If  alkalies  are  present,  any  proportion  of 
iron  would  make  such  a  clay  worthless.    If  no  silica  at  all  is  present, 
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6  (ff  6  pet  oent  nuy  oot  damage  it.  In  a  silica  brick,  2  to  S  per 
cent  of  inm  makee  the  brick  wortMeos.  If  the  iron  was  alnays  to 
remain  in  the  state  of  a  aeBqniozide,  ita  oompoimdH  voold  be  more 
infosible,  and  a  large  percentage  would  do  no  injury ;  but  some  of 
the  seeqniozide  is  certain  to  become  reduced  to  protoxide  in  the 
presemse  of  reducing  gases,  and  the  result  is  a  very  fusible  otBaponnd 
in  the  presence  of  silioa. 

There  is  still  a  more  deleterious  and  dangerons  efieot  of  iron  in 
fiie-brid:,  because  its  effects  are  prodnced  not  at  a  high  beat,  but  at 
a  oompaiatiTely  low  temperature.  It  is  well  known,  since  the 
researches  of  Bell  and  others,  that  when  a  brick  containing  iron  is 
exposed,  even  at  a  low  temperatnre,  to  gas  containing  carbon,  and 
that  part  of  this  carbon  is  deposited  near  the  iron,  this  has  often 
not  otHj  eansed  the  brick  to  lose  its  cohesion,  hnt  may  even  burst 
it,  so  as  to  throw  down  the  iron  walk  of  furnaces  and  the  lining 
of  fines.  The  presence  of  iron,  therefore,  is  doubly  to  be  dreaded, 
as  its  presence  at  low  temperatnres  is  quite  as  deleterious  as  at 
high. 

As  much  as  1  per  cent,  of  titanium  has  been  found  in  scnne 
days.    Little  is  known  about  it,  but  it  acts  like  alica. 

Bischoff  found  that  20  per  cent,  of  magneoa,  28  of  Hme,  47 '  1 
of  potash,  or  40  per  cent,  of  iron  had  exactly  the  same  effect  of 
making  the  clays  fusible,  and  that  when  4  and  2  of  the  different 
bases  ware  used,  the  relation  was  stnking  and  in  about  the  same 
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rial  ahcnild  not  be  made  to  falSl  the  most  of  them.  The  metallur- 
gicftl  world  is  nearly  agreed  that  the  refractoiy  material  of  the 
fdtare  must  be  made  artificially,  and  that  it  is  hopeless  to  look  lor 
it  among  natnial  prodticts.  Ko  brick  can  come  up  to  the  modem 
standard  of  invisibility  which  contains  5  per  cent,  of  iron  or  3  per 
cent,  of  combined  alkalies  or  alkaline  earths ;  yet  the  most  infusible 
brick  known  which  in  the  roof  of  a  Siemens-Martin  fomace  will 
resist  during  250  charges,  and  then  wear  ont  by  abrasion,  when 
required  to  come  in  contact  with  metals,  oxides,  and  alkalies  in  a 
Spiegel  cnpola  will  hardly  stand  twenty-five  beats^  while  an  iron 
pipe  coil,  which  is  easily  destroyed  by  heat,  will  last  almost  inde- 
finitely in  the  same  cupola,  provided  only  a  snffident  abeam  of 
water  is  run  through  it.  K  silica  makes  the  best  roof,  it  makes  the 
worst  hearth.  Alnmina,  when  present  in  very  large  quantities, 
eren  in  the  presence  of  a  small  amount  of  ralica,  makes  compounds 
which  are  almost  infusible,  so  that  it  should  be  used  for  the  fire- 
bridges and  hearths,  and  not  pat  into  the  roof,  where  its  tendency 
to  contract  would  endanger  the  structure  of  the  fomace. 

Far  too  little  attention  has  been  given  to  the  abrasive  and 
corrosive  power  of  coal  dust  and  ashes  carried  by  the  draught,  in 
gradually  cuttmg  and  fluxing  away  the  parts  of  the  furnace  ex- 
posed to  its  action,  and  many  quahties  of  brick  whidi  are  infusible 
in  the  assay,  owe  their  small  power  of  resistance  to  its  effect.  A 
brick  to  be  used  when  it  is  exposed  to  such  action,  should  always 
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part  of  the  fhmaoe.  Silicions  bricks  haye,  on  the  contrary,  a  ten- 
dency to  expand  under  the  influence  of  heat.  This  is  true  to  such 
an  extent,  that  in  the  steel  furnaces  where  they  are  used,  provision 
must  be  made  for  slackening  the  tie-rods  when  the  fire  is  being 
raised,  and  tightening  them  when  it  is  being  cooled. 

The  crushing  weight  of  an  ordinary  fire-brick  when  cold  is 
from  600  to  1000  lbs.,  but  some  of  the  best  have  been  known  to 
resist  as  high  as  3000  lbs.  to  the  square  inch.  To  ensure  the 
safety  of  the  structure  and  the  success  of  the  process,  it  should  not 
only  retain  its  power  of  resistance,  but  should  not  undergo  any 
change  of  form,  or  soften  materially  under  long-continued  heat, 
and  at  the  highest  possible  temperatures  should  support  more  than 
double  the  strain  required  without  alteration.  In  the  walls  of  the 
fireplaces,  those  bricks  will  be  best  which  are  dense,  and  contain  an 
excess  of  silica.  In  the  hearth  they  should  contain  an  excess  of 
alumina.  In  the  arch  they  should  be  nearly  pure  silica,  alumina, 
or  magnesia.  Bricks  in  a  roof  give  out  from  shrinkage,  cracking, 
or  splintering;  splintering  takes  place  when  silicate  bricks  are 
made  of  impure  mixtures,  usually  from  too  much  fine  material  and 
bad  burning.  Bricks  which  are  liable  to  splinter  are  generally 
cross-grained  and  dense,  with  a  small  conchoidal  fracture  when 
made  firom  improper  mixtures,  and  when,  from  improper  burning, 
they  ring  like  a  cracked  vessel.    All  good  bricks  wear  off  evenly. 

No  matter  how  good  a  material  may  be,  if  its  price  is  so  high  as 
to  prevent  competition,  it  might  as  well  not  exist.  Hence  any  effort 
to  furnish  a  good  material  should  have  for  its  aim  to  produce  it  at 
the  least  possible  cost. 

In  discussing  a  refractory  material  in  a  given  locaUty,  there  is 
to  be  taken  into  account : — 

The  clay  and  other  materials  to  be  had ; 

The  ore  or  metal  to  be  treated ; 

The  fuel  to  be  used ;  and 

The  foreign  substances  in  the  gangue  of  the  ore  or  metal 

Whether  to  use  one  clay  or  a  calcined  or  raw  clay,  must  be  de- 
termined by  direct  experiment,  and  then  the  size  of  the  grains  of 
the  mixture  for  the  given  use  must  be  determined,  for  each  sub- 
stance is  more  or  less  refractory  according  as  it  is  coarse  or  fine. 
Thus,  in  Belgium,  a  porous  material  with  a  large  grain  is  used  for 
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blaet-fanuoe  brick,  but  a  fine  mterial  with  a  doee  grain  for  coke 
fnniBoeB.  It  must  then  be  aseertaioed  whetber  the  miztare  con- 
tnots  or  dxpandfl,  for  days  expand  between  ^  and  ^tb.  The  ways 
in  -which  the  material  tempers  mnst  then  be  csMfnlly  etndied.  It 
is  not  sa£Scient  to  bave  only  a  good  material,  for  almost  as  mncb 
depends  on  the  manipulation  as  npon  the  material  itael£  To 
temper  properly,  the  clay  and  the  manofactnred  article  sboald  both 
be  dried  g^nally  and  imiformly.  It  must  be  fired  erenly,  and 
the  t«mperatnre  slowly  raised  to  the  proper  point.  The  brick  or 
other  material  once  made,  should  be  kept  from  dampness,  as  it  is 
porons,  and  likely  to  absorb  moisture,  and  abould  be  heated  before 
being  used  in  the  fomace,  and  pnt  in  at  a  high  heat.  If  it  is  to  be 
pot  in  blast  at  once,  especially  with  silica  bricks,  the  temperature 
should  be  as  high  as  the  hand  can  bear.  If  the  furnace  ia  to  be  a 
IcHtg  time  standing,  this  precaution  is  unneoessary ;  but  in  the  two 
last  cases  the  furnace  must  be  dried  very  carefully  and  slowly.  No 
brick  which  has  been  dreeeed  should  ever  have  the  dressed  face  ex- 
posed to  the  flame.  Without  the  oheemttion  of  these  precautions, 
a  Tery  good  brick  may  hare  a  very  bad  reenlt.  It  is  too  much  the 
habit  of  this  age  to  get  quick  resnlta,  and  this  has  led  some  blast 
mansf^ers  to  boast  that  steam  was  iasuing  from  the  top  of  their 
furnace,  while  cast  iron  was  being  tapped  &om  the  bottom ;  but 
under  such  management  we  neret  he»  of  long  campaigns,  bat 
very  firequently  hair  of  disasters. 
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CHAPTER  IX. 


GBUCIBLES. 


Cbuoibles  are  vessels  nsed  for  the  fusion  of  certain  metals,  for 
assaying,  and  generally  for  many  other  chemical  purposes  in  which 
intense  heat  is  employed. 

The  use  of  the  cmcihle  appears  to  have  originated  with  the  old 
alchemists,  who  were  in  the  habit  of  marking  them  with  the  sign 
of  the  cross,  before  commencing  their  operations ;  whence  the  deri- 
yation  of  the  name.  The  principal  requisites  of  a  good  crucible 
are,  that  it  should  be  capable  of  enduring  the  strongest  heat  without 
becoming  soft  or  losing  much  of  its  substance ;  that  it  should  not 
crack  on  being  exposed  to  sudden  alternations  of  temperature ;  that 
it  should  withstand  the  corrosive  effect  of  the  substance  fused  in  it ; 
and,  lastly,  that  it  should  be  sufficiently  strong  to  support  the 
weight  of  the  molten  metal  when  lifted  from  the  furnace. 

Crucibles  which  become  tender  at  a  high  temperature  are  then 
liable  to  break  or  crumble  when  grasped  with  the  tongs,  and  are 
very  dangerous. 

Clay  crucibles  are  made  of  fire-clay,  mixed  with  silica,  burnt 
day,  or  other  infusible  matter. 

In  order  to  counteract  the  tendency  clay  has  to  shrinking  at 
high  temperatures,  the  other  substances  are  mixed  with  it.  The 
proportion  of  burnt  to  raw  clay  may  be  varied,  but  two-thirds  raw 
day  to  one-third  burnt  clay  is  a  very  common  proportion.  It  is 
necessary  that  there  should  be  a  sufficient  quantity  of  raw  day  to 
produce  the  proper  degree  of  plasticity  for  working. 

The  unbumt  fire-clay  must  be  ground,  as  must  also  the  burnt 
clay,  the  latter  generally  consisting  of  old  crucibles  or  glass  pots, 
which  have  been  exposed  to  high  temperatures.  The  surfaces  of 
these  old  pots  must  be  cleaned  from  all  extraneous  matter,  and 
their  vitrified  coating  be  chipped  off. 
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Clays  which  oontaia  &  mfttimnm  qnantit;  of  pure  silica  are 
beet:  adapted  foi  the  most  inftudble  cnidblee,  if  in  addition  they  are 
comparatively  &ee  from  each  injnrioos  admixtaree  as  lime  or  iron ; 
and  the  infusible  properties  can  be  strengthened  by  additions  of 
bomt  clay,  aadi  aa  we  have  indicated,  or  of  powdered  coke  and 
plnmhogo. 

The  celebrated  Berlin  cnuublee  are  made  &om  8  parte  fire-clay, 
4  parte  black-lead,  6  parts  powdered  coke,  3  parte  old  groond 
cruciblee.  Another  mixture  is  2  parts  fire-clay,  1  part  gromid 
gas-coke. 

The  materials  ehonld  be  as  tree  &om  lime  as  possible,  well 
kneaded  together,  and  slowly  dried  in  a  kiln. 

When  fire-clay  is  not  easily  obtainable,  as  a  sabetitnte  for  it 
steep  common  day  in  hot  hydrochloric  acid,  wash  it  well  with  hot 
water,  and  dry  it. 

The  cradbles  in  most  common  nse  in  Birmingham  and  its 
ndghboorhood,  aa  well  aa  in  Sheffield,  are  made  of  a  fire-clay  fbond 
near  Stourbridge,  which  is  generally  mixed  with  some  other  sub- 
stance, BOch  as  powdered  coke,  in  order  to  lessen  its  tendency  to 
contract  when  strongly  heated.  The  following  are  abont  the 
aTorage  proportions:  4  parts  fire-clay,  2  burnt  clay  cement, 
1  ground  coke,  1  ground  pipeclay.  These  Stourbridge  clay 
crucibles,  or  casting  pots,  are  only  carefully  dried,  but  not  hnmed 
until  required  for  use,  when  they  are  put  into  the  melting  furnace 
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composition  with  the  diamond,  although  bo  very  different  in  its 
stractnre  and  physical  character.  Until  a  few  years  ago  the  use  of 
black-lead,  or  plumbago,  pots  was  exclusively  confined  to  melters 
of  precious  metals,  but  they  are  now  employed  for  melting  all 
descriptions  of  metal ;  and  large  numbers  of  them  are  used  by  the 
brass-founders  and  others. 

In  making  the  crucibles,  the  materials,  consisting  of  about  one 
part  fire-clay  to  two  parts  plumbago,  are  first  ground  to  powder 
and  sifted,  after  which  they  are  mixed,  the  day  being  added  to 
give  a  sufficient  degree  of  coherence  and  plasticity. 

The  advantage  claimed  for  plumbago  crucibles  is  that  they  are 
durable,  and  that  they  effect  a  great  saving  of  time,  labour,  and 
fuel ;  but  on  the  other  hand,  an  objection  to  black-lead  pots,  inde- 
pendent of  their  cost,  is  that  they  are  unsafe  for  the  workmen.  A 
day  pot,  at  steel  mdting  heat,  is  as  tough  almost  as  leather ;  it 
may  be  beaten  flat,  but  cannot  be  broken ;  while  a  black-lead  pot 
remains  brittie  at  any  heat,  and  the  puller  out  or  the  teamer  can 
never  fed  quite  sure,  in  handling  a  partly  worn-out  pot,  that  it 
may  not  be  crushed  under  the  pinch  of  the  tongs. 

Erupp,  at  his  fEunous  Essen  factory,  uses  plumbago  for  his 
steel  crucibles.  Each  crudble  is  only  used  for  one  melting,  afber 
which  it  is  ground  up,  and  used  over  again  for  the  manufacture  of 
new  crudbles,  with  the  admixture  of  a  certain  proportion  of  firesh 
plumbago. 

When  it  is  necessary  to  protect  a  crudble  from  the  corrosive 
action  of  the  material  to  be  melted  in  it,  it  can  be  lined  with 
charcoal  powder,  or  black-lead.  In  a  small  crudble,  the  powder 
may  be  made  into  a  paste  with  a  litUe  gum-water  or  treacle,  and 
rammed  into  the  crucible,  the  central  cavity  being  afterwards 
shaped  by  a  small  rammer  of  the  desired  form. 

For  larger  crucibles  a  mixture  of  anthracite  powder,  or  powder 
of  gas-retort  carbon,  or  gas-tar,  may  be  employed. 

To  test  crucibles  as  to  power  to  resist  corrosion,  protoxide  of 
lead,  or  a  mixture  of  protoxide  of  lead  and  dioxide  of  copper,  is 
melted  in  the  crucible.  If  a  clay  crucible  is  not  permeated  or 
corroded  by  this  mixture  to  a  sensible  extent  after  a  short  time, 
it  may  be  considered  capable  of  resisting  all  ordinary  corrosions  in 
practice.    As  a  rule,  clay  crucibles  resist  permeation  and  corrosion 
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ill  the  proportion  of  the  fineness  and  legnlarit;  of  grain,  bat  Qxm 
tendency  to  crack  is  increased  in  the  same  rate. 

Comiah  crncibles  are  prindpally  used  for  assaying  copper; 
tiiey  are  made  of  a  clay  found  in  some  parts  of  Cornwall,  and  the 
smaUer  sizes  are  capable  of  reeifiting  sadden  alternations  of  tem- 
perature, a  quality  which  is  probably  dae  to  the  large  proportion 
of  silica  mixed  with  the  day,  bat  they  are  rapidly  corroded  by 
melt«d  oxide  of  lead. 

Hessian  crncibles  were  formerly  employed  to  a  much  greater 
ext^it  in  metallo^iical  operations  than  they  are  at  present.  They 
are  made  {»rinoipally  &om  a  clay  foond  at  Oross-Almerode,  and  in 
their  composition  resemble  rery  closely  the  Cornish  crncibles. 
The  form  is  triangalar,  and  they  are  generally  packed  in  nests  of 
six ;  the  smaller  sizes  fitting  into  the  Urger.  These  crncibles  are 
tolerably  lasting  at  moderate  temperatnres,  bat  are  apt  to  fase 
when  exposed  to  very  great  heat. 

Several  kinds  of  French  crodbles  are  mann&ctnied,  some  of 
which  are  of  very  excellent  quality,  especially  those  of  Bean&y, 
called  the  cronsets  de  Paris,  and  those  of  Deyenx,  termed  crensets 
de  Saveigmes.  Both  kinds,  however,  contain  a  large  percentage  of 
oxide  of  iron,  which  renders  them  objectionable  for  some  pnrposee. 

London  crncibles  are  of  a  reddish-brown  tint,  very  close  grained, 
and  capable  of  resisting  the  oorroeiTe  action  of  oxide  of  lead,  but 
liable  to  crack  when  suddenly  heated.    They  are  made  of  various 
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made  of  fire-clay  and  npon  the  works,  the  pot  flaak,  or  monld,  and 
plug  are  commonly  of  the  form  Figs.  3  and  4,  Plate  XXII  The  pot 
monld  is  of  cast  iron,  with  two  ears  cast  npon  it  to  lift  it  by.  Its 
inside  is  the  shape  of  the  outside  of  the  pots ;  it  is  turned  smooth, 
and  is  open  at  the  bottom  as  well  as  the  top.  There  is  a  loose 
bottom  made  to  fit,  but  not  so  small  as  to  pass  through ;  this  has  a 
hole  in  the  centre,  three-quarters  of  an  inch  in  diameter.  When  in 
use  it  stands  upon  a  low  post  firmly  fixed  in  the  ground,  which  also 
has  a  hole  5  or  6  inches  deep  in  its  centre.  The  plug  which  forms 
the  inside  of  the  pot  is  of  lignum  vitas,  it  has  an  iron  centre  which 
projects  through  it  about  5  inches,  corresponding  in  size  with  the 
hole  at  the  bottom  of  the  mould. 

The  clay  for  a  steel  pot  weighs  about  24  lbs. ;  it  is  moulded 
upon  a  strong  bench  into  a  short  cylinder,  and  the  inside  of  the 
mould  haying  been  well  oiled,  the  clay  is  dropped  into  it,  and  the 
plug,  also  oiled,  forced  into  the  clay,  while  the  projection  finds  the 
hole  in  the  loose  bottom  in  the  centre  of  the  mould,  which  guides 
the  plug.  The  plug  is  driven  down  2  or  3  inches  by  the  blows  of 
a  heavy  mallet  on  the  top  of  the  iron  head ;  it  is  then  taken  out  to 
be  oiled  again  by  putting  a  piece  of  round  iron  through  the  hole 
in  the  iron  head  to  lift  by,  giving  it  at  the  same  time  a  screwing 
motion.  It  is  then  driven  by  the  mallet,  while  the  clay,  rising  up 
between  the  plug  and  the  mould,  reaches  the  top.  The  clay  is  cut 
even  with  the  top  of  the  mould  by  parsing  the  knife  round  be- 
tween it  and  the  flask  or  mould  several  times,  holding  it  inclined 
towards  its  centre.  The  mould  is  now  taken  and  set  with  its  loose 
bottom  upon  a  small  post  fixed  in  the  floor,  and  the  mould  gently 
allowed  to  rest  upon  it.  This  pushes  up  the  bottom  with  the  pot 
upon  it ;  and  the  hole  being  filled  with  a  bit  of  clay,  the  pot  is 
finished.  When  the  pots  are  sufficiently  hard  to  bear  handling, 
they  are  placed  to  dry  upon  rows  of  shelves  against  the  flues  in  the 
furnace,  where  they  remain  from  ten  to  fourteen  days,  and  before 
use  they  are  annealed  by  being  placed  from  seventeen  to  twenty 
hours  in  a  special  annealing  furnace,  and  they  are  taken  directly 
from  this  and  placed  for  use  hot  into  the  melting  furnace. 

Crucibles  are  frequently  made  on  an  ordinary  potter's  wheel, 
and  special  machines  are  also  employed  for  the  same  purpose.  One 
of  these,  T.  Y.  Morgan's  machine  for  making  either  large  or  small 
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onunblee,  is  iUnstratod  b;  Fig.  1,  Plato  XXI.,  and  Figa.  1  and  2, 
Plate  XXII.  The  peculiar  mechanical  anangement  consiBts  in 
fitting  the  former,  or  formiog  toed  employed  in  the  apparatus,  so  thai 
in  addition  to  being  cspaUe  of  an  ap^nd-down  moTemeut,  the  former 
is  free  to  "be  ntoved  and  adjusted  horizontally  as  the  omcible  is 
being  moulded,  and  accordii^  to  the  required  size  or  tbicknees  of 
the  crucible. 

When  a  crodble  is  to  be  made  the  frame  is  polled  down  to 
cause  the  former  to  enter  the  plastic  material,  whii^  is  placed  in  a 
moold,  on  a  revolving  lathe  or  jigger,  as  nsoal,  and  when  the 
former  reaches  the  bottom  of  its  coarse,  a  catch  on  one  of  the 
nprighte  secoree  the  &ame  in  position.  The  threaded  rod  is  then 
tamed,  to  canse  the  former  to  move  horizontally,  and  spread  the 
plastic  material  against  the  aide  of  the  monld.  FinaUy,  the  back 
end  of  a  lever  carried  on  the  top  of  the  &ame,  and  &oe  to  move 
backward  by  means  <^  slot  or  otherwise,  is  inserted  into  a  hole 
formed  for  the  pnrpoee,  and  its  forward  end  is  pressed  down  by  hand, 
so  that  the  lever  bears  forcibly  upon  the  frame,  and  prevents  all 
vibration  or  movement  of  the  former.  When  the  crucible  is 
finished,  the  handle  is  tamed  to  bring  the  former  to  the  centre  of 
the  crocible,  the  lever  is  moved  forward  out  of  its  hole,  the  catch 
released,  and  the  frame  raised  up  by  a  balance-weight.  The 
operation  is  then  repeated  lot  the  next  cracible,  and  so  on. 

Fig.  1,  Plate  XXI.,  is  a  front  elevation ;  Fig.  2,  Fkte  XXII.,  a 
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ordinary  lathe  or  jigger  p^  to  which  rotary  motion  is  imparted 
as  usnal.  When  the  £rame  c  is  canght  by  the  catch  n,  and  the  motdd 
is  caused  to  rotate,  the  screw  d  is  turned  by  its  handle  ^,  so  as 
to  cause  the  former  a  to  move  horizontally,  and  spread  the  plastic 
material  against  the  side  of  the  mould,  and  when  it  has  been  moved 
tolhe  required  distance,  which  is  regulated  by  a  scale  on  the  frame, 
the  back  end  of  a  lever  q  carried  on  the  top  of  the  frame  and  &ee 
to  move  backward  by  means  of  a  slot  r  is  inserted  into  a  hole  s 
formed  in  an  upright,  and  its  forward  end  is  then  pressed  down  by 
the  attendant  so  that  this  lever  bears  forcibly  upon  the  frame  c  and 
prevents  vibration  or  movement  of  the  former.  When  the  crucible 
is  finished,  the  handle  g  is  turned  to  bring  the  former  a  to  the 
centre  of  the  crucible,  the  lever  q  is  moved  forward  out  of  its  hole  8, 
the  catch  n  is  released,  the  frame  is  raised  up,  and  the  mould  is 
removed  in  the  ordinary  manner ;  all  being  then  ready  for  the  next 
operation,  ti  is  a  horizontal  bar  under  the  platform  v  and  hinged 
at  w,  while  its  front  end  extends  to  the  front  of  the  apparatus, 
a;  is  a  block  on  the  bar  u^  and  y  is  a  collar  on  the  latiie-shafL 
When  it  is  required  to  stop  the  revolution  of  the  lathe,  the 
attendant  moves  the  bar  u  on  its  hinge  k;,  so  as  to  bring  the 
block  X  against  the  collar  y.  z  \a  a  horizontal  bar  or  guide  for 
the  bar  u. 

In  the  present  day  the  consumption  of  crucibles  is  very  large ; 
they  are  extensively  employed  by  the  brass-founder,  the  gold  and 
silver  refiner,  the  manufiEicturers  of  cast  steel  and  gun-metal,  as  well 
as  in  the  melting  of  zinc  and  copper,  in  the  various  operations  of  the 
analytical  chemist,  assayer,  and  in  the  production  of  the  coinage  of 
drfiferent  countries. 
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CHAPTER  X. 


BL&BI — BLOimiO  EHGDIBS,   FANS,  AND  BLOWB&S. 

It  is  deeirablfl  that  the  blast  for  cnpolaa  shonld  be  adequate  ia 
quantity  and  preemire  for  the  perfect  combiistion  of  the  fuel,  bat 
Dot  greatly  in  ezceea  of  vbat  ia  needed  for  that  pnrpoee ;  it  abonld 
be  delivered  as  &ee  from  moisture  as  possible,  and  in  a  perfectly 
uniform  stream. 

The  preesure  of  blast  required  varies  aooording  to  the  nature  of 
the  foel  employed ;  it  is  seldom  that  a  greater  pressure  than  from 
2  to  3  inches  of  meronry  is  necessary,  and  with  soft  coke  a  moch 
lower  preesure  will  suffice. 

If  only  for  the  porpoee  of  supplying  perfectly  dry  air  to  the 
OQpola,  it  would  be  adTantageooB  to  heat  the  blast  on  its  way  from 
the  blowing  eii^:iQe  or  fan,  bnt  by  still  farther  raising  the  tempera- 
ture of  the  blast  by  passing  it  through  regenerative  fire-brick  stoves, 
a  oonsiderable  economy  in  fuel  would  be  obtained  per  ton  of  iron 
melted,  without  any  detedoration  in  its  quality  taking  place. 
Blast  heated  in  this  manner  can  be  readily  brought  to  a  tempera- 
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If  the  blast  is  too  "  soft "  or  feeble,  mnch  of  the  fad  will 
be  bnmt  without  doing  its  duty,  and  if  the  pressure  was  allowed  to 
%J1  below  a  certain  amount  the  furnace  would  consume  an  almost 
unlimited  amount  of  fuel,  without  at  any  part  attaining  the  melting 
point  of  cast  iron. 

The  quantity  of  blast  necessary  for  any  given  cupola  depends 
upon  so  many  varying  and  disturbing  elements  that  experience  and 
judgment  must  be  mainly  relied  upon  to  estimate  it.  The  effects  of 
the  blast  are  by  no  means  difficult  to  observe ;  if  there  be  too  small 
a  supply  imperfect  combustion  will  result,  if  the  supply  is  too 
large  the  consumption  of  fuel  will  be  increased,  and  much  of  its 
heat  will  be  wasted,  being  carried  away  too  rapidly  through  the 
cupola. 

Well-made  blast  engines  with  double  cylinders  and  double- 
acting  blast  cylinders  give  much  more  economical  results  as  to 
useful  effect  derived  from  a  given  power,  than  can  be  obtained  with 
the  best  possible  fiEin. 

General  Morin  made  some  experiments  on  the  duties  of  fans, 
and  in  one  instance  with  blast  of  low  pressure  driven  through  long 
passages  he  found  that  the  useful  effect  of  the  fan  was  less  than 
0  •  07  of  the  steam  power  required  to  drive  it. 

The  quality  of  the  iron  is  much  influenced  by  the  quantity  and 
intensity  of  the  blast ;  if  these  or  either  of  them  are  deficient,  an 
inferior  pig  iron  may  give  off  sulphurous  fmnes,  run  thick  and  pasty, 
and  make  bad  or  inferior  castings,  whilst  the  same  iron  with  more 
&vourable  conditions  as  to  blast  will  probably  lose  much  of  its 
sulphur  in  the  melting,  and  when  tapped  wUl  turn  out  tolerably 
workable  iron. 

Any  description  of  apparatus  which  will  give  the  requisite 
volume  and  pressure  of  blast  with  regularity  can  be  adopted  without 
in  any  way  affecting  the  quality  of  the  iron;  but  there  are 
numerous  other  considerations  to  be  studied  as  to  the  selection  of 
the  apparatus,  such  as  first  cost,  economy  in  working,  power 
required  to  drive,  compared  with  duty  in  the  shape  of  useful  blast 
yielded,  convenience  for  position,  and  safety. 

The  Tromb,  or  waterfall  blast  machine,  such  as  is  used  in 
France  and  Germany,  is  an  efficient  blowing  machine,  but  it  is  only 
available  when  there  is  a  regular  and  abundant  flow  of  water,  with  a 


120  vouNsnia  add  owtino. 

oonodenUe  folL  This  aooioe  of  poiret  is  not  often  fonnd  in  Eng- 
land, bnt  in  other  coontries  it  has  been  largely  applied,  although 
the  blast  obtained  by  its  nse  is  generally  oompletely  saturated  with 


The  tromb  is  a  cheap  and  simple  apparatna  to  conatmct,  and 
when  the  water  sapply  is  eatisfiictory  will  give  a  good  pressare  of 
blast  It  is  therefore  well  adapted  for  use  abroad  or  in  the 
colonioB,  where  machine  is  costly,  as  the  whole  appaistoe  can  be 
made  of  wood,  conmsting  aa  it  does  merely  of  a  vertical  tube,  and 
a  large  separator  below  in  the  form  of  an  inverted  tab. 

Blowing  Engines  are  now  made  by  many  eminent  engineering 
firms,  and  all  that  is  necessary  for  a  proper  estimate  is  information 
as  to  the  quantity  of  air  required  per  minnte,  and  the  nsoal  working 


The  old'&shioned  single  blast  cylinder  is  almost  snperseded,  on 
acoonnt  of  the  difficulty  experienced  in  obtaining  a  regular  blaa^ 
although  this  failing  may  be  remedied  by  having  a  r^;ulator  or 
reeerroir  ctf  Bn£Sdent  size  provided,  with  a  loaded  piston. 

Horizontal  cylinders,  each  donble  acting,  and  amused  in  pairs, 
are  frequently  used  for  the  Bessemer  process,  and  give  a  powerful 
blast  If  well  [ooportioned  they  are  economical,  and  work  quietly 
and  steadily. 

Three  mngle-acting  cylinders,  with  a  fourth  cylinder  acting  as  a 
regulator,  also  trive  nn  miiform  find  powerful  blaat,  Lnit  are  i 


FANS.  121 

Figs.  1  to  4,  Plate  XXIII.,  represent  forms  of  oommon  fans. 
In  general  they  consist  of  a  central  spindle,  npon  which  are  hung 
from  four  to  six  arms,  meeting  on  an  eye  at  the  centre,  through 
which  the  axle  is  passed,  and  by  which  they  are  fixed  to  the  axle. 
Upon  each  of  theee  arms  a  blade  generaUy  ia  fixed,  by  riyets  or 
bolts ;  the  assemblage  of  blades  constitutes  the  propelling  agents. 
To  render  them  effectual  they  are  encased  in  a  round  box,  adapted 
to  them,  having  a  central  opening  each  side,  for  the  admission 
of  air,  and  an  opening  in  the  circumference  for  the  expulsion  of  air, 
with  a  short  passage  in  continuation,  to  connect  the  air-passages 
leading  to  the  furnace.  This  case  should  be  strong  and  heavy. 
By  the  rapid  revolution  of  the  blades  upon  this  axle,  a  strong 
current  sets  in  at  the  centre,  and  is  propelled  along  the  air-passages 
to  the  cupola.  The  journals  of  the  axles  should  be  long,  with 
the  view  of  dispersing  the  great  amount  of  friction  to  which  they 
are  subjected,  by  running  in  their  bearing  at  such  a  high  velocily 
as  is  usually  communicate  to  the  axle.  Unless  these  parts  be 
very  well  fitted,  and  the  framework  of  the  arms  and  blades  per- 
fectly balanced  and  firmly  fixed  upon  the  axle,  the  greatest  difficulty 
is  experienced  in  preventing  the  firing  of  the  rubbing  parts.  It  is 
easy  to  see  that  if  there  be  a  very  slight  want  of  equilibrium  in  the 
machine,  or,  in  other  words,  if  the  centre  of  gravity  of  the  moving 
parts  does  not  lie  in  the  axis  of  revolution,  there  will  be  an  amount 
of  centrifugal  force  created  during  revolution  proportional  to  the 
eccentricity,  which  must  be  borne  by  the  axle. 

Lloyd's  Fan  is  shown  in  the  vertical  section.  Fig.  7,  and  plan, 
Fig.  8,  Plate  XXIII.  The  outer  case  is  cast  in  four  parts,  the  two 
upper  of  which  are  bolted  permanentiy  together,  and  also  the  two 
lower.  The  horizontal  joint  through  the  centre  admits  of  access  to 
the  internal  parts  without  disturbing  the  foundations.  S  S  are  the 
bearings,  and  T  the  driving  pulley.  U  is  the  internal  revolving 
case,  called  the  impeller,  having  sheet-iron  discs  V  Y  fixed  on  the 
side  edges  of  the  blades.  X  X  are  turned  brass  rings  fixed  on  the 
discs,  and  fitted  up  against  cast-iron  rings  bolted  on  the  outer  case, 
forming  the  centre  opening  through  which  the  air  enters  the  jGsm. 
Y  is  the  discharge  pipe,  and  Z  Z  the  feet  on  which  the  machine 
stands,  and  by  which  it  is  bolted  down  to  the  foundations. 

The  difference  between  this  £Em  and  those  of  ordinary  construe- 
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tion  oonBiBta  in  the  form  of  the  intemal  part  U,  which  may  be 
described  as  a  reTolviDg  case,  baving  six  cured  arms  cast  in  one 
piece ;  on  these  are  Bciewed  cnrred  sheet-iron  blades,  of  the  form 
shown  in  Fig.  7,  on  the  outer  edge  of  which  are  lastened  the 
sheet-iron  diaca  T  V,  prerionslj  mentioned.  The  total  area  of  the 
openings  at  the  circomference,  as  also  the  total  sectional  area  of 
the  internal  passages  at  an;  distance  from  the  centre,  is  equal  to 
the  areas  of  the  two  central  openings  in  the  sides  of  the  oater  case. 

G,  Scbiele's  Fan  has  been  very  largely  employed,  and  possesses  a 
good  many  admirable  features.  It  is  simple  in  construction,  requires 
very  little  to  drive  it,  gives  a  good  volume  of  draught  relatively  to  its 
size,  and  is  nearly  no^less  in  working.  Beferring  to  Figs.  5  and 
6,  Plato  XXIII.,  it  will  be  seen  that  Fig.  6  is  an  edge  view,  partly 
in  section,  and  Fig.  5  is  a  side  view  with  one  side  of  the  casing 
removed  to  show  the  interior,  with  the  revolving  portion  of  the  fiw 
in  its  position. 

A  is  a  disc,  on  the  periphery  of  which  blades  of  the  fonn  repre- 
sented in  the  figures  are  mounted.  The  blades  are  supported  on 
their  backs  by  means  of  ribs  F,  which,  with  the  blades  A,  spring 
from  the  periphery  of  the  disc  A.  This  disc,  with  the  blades  and 
their  supporting  brackets,  may  be  constmctod  even  of  the  largest 
dimensions  in  one  solid  piece,  either  by  casting  or  forging.  B  is 
the  spindle,  on  which  the  disc  A  is  mounted;  it  runs  in  the 
bearings   C;   the  spindle  beiug  of  wrought  iron,  with  cast-iron 
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contracts  for  a  short  distance,  so  that  the  air,  of  a  slower  speed, 
and  which  has  gone  beyond  the  blades  F,  is  prevented  from  return- 
ing, and  so  impinging  npon  them. 

The  following  Table  YII.  gives  a  few  particulars  of  the  dimen- 
sions and  work  of  these  fans,  as  stated  by  the  makers : — 

Table  VII. — Particulars  op  Schiele's  Fans. 


Diameter  tif 

Tom  Melted 

Pulleys. 

Diameter  of 

Bevolving  Fan. 

per  Hour. 

Di^harge. 

inches. 

inches. 

Inches. 

12 

li 

3 

6            1 

16 

li 

3 

8 

i          20 

2J 

4 

10 

80 

5 

6 

14 

40 

10 

9 

18 

50 

20 

12 

24 

Fig.  5,  Plate  XXIV.,  is  a  cross  section  of  Sturtevant's  Fan,  and 
Fig.  6  a  side  view,  with  the  casing  removed,  of  a  smaller  fan  of  the 
same  construction,  but  differently  mounted.  It  will  be  seen  that 
twelve  vanes  are  rigidly  supported  by  a  similar  number  of  spokes, 
radiating  from  an  axis,  and  having  conical  annular  discs  mounted 
on  the  same  axis,  the  fan  being  driven  by  two  belts  to  prevent 
tendency  to  wobbling.  The  air  enters  between  the  spokes  around 
the  axis,  and  is  driven  forcibly  by  the  curved  floats  which  span  the 
space  between  the  annular  discs,  being  discharged  into  the  peri- 
pheral chamber,  whence  it  reaches  the  horizontal  discharge  pipe 
shown  in  the  lower  part  of  Fig.  6.  Within  each  of  the  band 
pulleys  is  an  oil  collector  H,  which  intercepts  superfluous  oil,  and 
conducts  it  into  the  oil  chamber  Z,  whence  it  may  be  drawn  by  a 
faucet.  The  shaft  S  is  supported  in  tubular  besuings,  sustained  in 
brackets  by  means  of  ball  joints,  whereby  the  bearings  are  able  to 
accommodate  themselves  to  the  shaft  while  in  revolution.  The 
oilers  for  the  shaft  are  near  the  end,  and  have  dripping  wicks 
which  feed  the  lubricant  in  regular  quantity ;  the  oil  collectors  H 
intercepting  any  superfluity  as  already  stated.  The  set  screws  n  n 
afford  means  for  adjusting  the  shaft  lengthwise,  so  as  to  bring  the 
wheel  to  its  proper  position  in  the  case.  Sturtevant's  fan  com- 
bines many  of  the  features  of  both  Lloyd's  and  Schiele's  machines, 
its  characteristic  feature  being  the  very  long  bearings  given  to 
the  shaft ;  and  although  sopewhat  complicated  in  construction,  it 
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has  been  greatly  used  and  deeerredly  popular  in  the  United 
States. 

FigB.  1  and  2,  Plate  XXIV.,  are  side  and  end  yiewB  reepectiYely 
of  H.  Aland's  Fan.  It  isofTeryBtrongandsabstantialconetniction; 
tiiB  Tanes  are  bo  arranged  that  they  act  in  eSect  as  a  donble  &n. 

The  spindles  are  made  of  stael,  and  work  in  long  bearings.  The 
discs  also  are  made  of  the  best  charcoal  iron.  The  tremor  of  the 
strap  axis  is  confined  to  one  casting,  by  the  bearing  standards 
beii^  cast  in  one  of  the  lower  parts  of  the  &n  casing.  The  casing 
ia  also  divided  horizontally,  as  shown  in  the  engravingB,  to  facUitata 
the  operation  of  cleaning,  without  dietnrbing  the  fonndations. 

In  fan  machinery,  simple  as  it  is,  we  have  observed  that  in 
some  instances  monthly  and  even  weekly  repairs  have  been 
incnrred,  in  consequence  of  the  want  of  exact  balance  among  the 
parts  of  the  &u  npon  its  axle.  With  carefol  management  in  the 
first  GonstmctioD,  this  sonrce  of  annoyance  may  be  entirely  re- 
moved. Another  great  &tnlt  consisto  of  injndicioas  methods  "of 
brin^g  np  the  speed"  with  too  great  rapidity,  with  a  view  to 
which  it  was  certainly  necessary  to  make  use  of  as  few  intermediate 
shafts  as  possible,  which  of  course  requires  that  large  poUeys  shaU 
drive  proportionally  smaller  pulleys  than  if  the  rate  of  ^e  redaction 
of  speed  were  more  moderate.  On  the  other  hand,  the  experience 
of  many  founders  proves  that  by  moderately  attaining  the  speed  t^ 
the  use  of  a  greats  nomber  of  intermediate  belt  pulleys,  repairs  of 
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continnally-mcreasing  winding  passage  between  the  tips  of  the 
vanes  and  the  chest  serves  to  receive  the  air  &om  every  point  of 
the  circumference  of  the  £a.n,  and  produces  a  general  accumulating 
stream  of  air  to  the  exit  pipe.  The  particles  of  air  having  passed 
the  inlet  opening,  and  entering  on  the  heel  of  the  vane,  would 
retain  the  same  circular  path,  were  it  not  for  the  centrifugal  force 
of  the  air,  due  to  its  weight  and  velocity,  impelling  them  forward 
toward  the  tips  of  the  vanes ;  and  this  continued  action  is  going 
on,  particle  following  particle,  till  they  are  ultimately  thrown 
against  the  £Btn  chest,  and  are  impelled  forward  to  the  exit  pipe. 
It  is  by  this  centrifugal  action  that  the  air  becomes  impelled  and 
accumulated  into  one  general  stream.  But  there  is  a  certain 
velocity  of  the  tips  of  the  vanes  which  best  suits  this  action. 

The  pressure  of  the  air  in  the  pipe  and  chest,  by  the  continuous 
rapid  motion  of  the  vanes,  may  be  measured  by  a  water  or  mer- 
curial gauge  attached  to  the  blast  chest. 

It  has  been  found  that  the  greatest  results  are  obtained  when 
the  theoretical  velocity  and  the  velocity  of  the  tips  of  the  vanes 
are  nearly  equal. 

Water  is  827  times  heavier  than  air,  and  mercury  is  13*5 
times  heavier  than  water,  or  11,164  times  heavier  than  air;  so 
that  a  column  of  mercury  1  inch  in  height  would  balance  a  column 
of  air  11,164  inches,  or  930*3  feet  in  height.  A  column  of 
mercury  of  30  inches  is  equal  to  a  pressure  of  15  lbs.  on  a  square 
inch ;  a  column  of  mercury  of  1  inch  gives  a  pressure  of  i  lb.  per 
square  inch.  A  column  of  mercury  one-eighth  of  an  inch  in  height 
gives  a  pressure  of  1  ounce  per  square  inch.  Hence  the  height  in 
inches  of  a  column  of  mercury,  equivalent  to  any  given  pressure  or 
density,  is  found  by  dividing  the  density  in  ounces  per  square  inch 
by  a 

The  centrifugal  force  of  air  coincides  with  the  results  of  the 
laws  of  falling  bodies,  that  is,  when  the  velocity  is  the  same  as  the 
velocity  which  a  body  will  acquire  in  £Edling  the  height  of  a  homo- 
geneous column  of  air  equivalent  to  any  given  density.  Thus, 
taking  the  velocity,  as  obtained  by  the  law  of  falling  bodies,  we 
find  tiie  centrifugal  force  or  density  of  the  air. 

The  velocity  of  the  air  and  the  diameter  of  the  &n  being  given, 
the  rule  to  find  the  centrifugal  force  is : — Divide  the  velocity  in 
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feet  per  seccmd  I^  4*01,  and  again  divide  the  square  of  the 
qaotient  by  the  diameter  of  the  fiui  in  feet.  This  last  quotient 
multiplied  hj  1  ■  209,  the  weight  in  ounces  of  a  cubic  foot  of  air  at 
60°  Fahr.,  is  equal  to  the  centiiftigal  force  in  ounces  per  square 
foot,  which,  divided  by  114,  is  equal  to  the  density  of  the  ur  in 
ounces  per  squan  inch. 

To  ascertain  the  iheoreUaal  vdooUy,  the  mouth  of  the  discharge 
ia  doaed,  the  velocity  of  the  &n  merely  keeping  the  air  at  a  certain 
preasnre  per  sqoare  inch,  when  it  is  found  that  the  tips  of  the 
vanee  most  move  with  nine-tenths  of  the  velocity  a  body  would 
aoqnire  in  &lling  the  height  of  a  homogeneoos  column  of  air 
eqninleut  to  the  density. 

It  is  found  that  nine-tentha  of  the  theoretical  velocity  is  the 
moat  effective  speed,  when  the  &n  is  not  discharging  air,  bat  that 
the  same  proportioD  holds  good  also  when  the  oatlet  pipe  is  open ; 
that  is,  that  the  maximum  effect  of  the  fon  ia  when  the  vanes  move 
with  a  velocity  ranging  &om  the  theoretical  velocity  dne  to  the 
density  of  the  air,  to  nine-tenths  <A  that  velocity,  the  greatest 
quantity  of  air  being  discharged  by  the  &n  with  the  least  expendi- 
ture of  power.  By  making  the  top  of  the  opening  level  with  the 
tips  of  the  vanes,  the  colnnm  of  air  has  only  a  slight  reaction  on 
the  vanes. 

The  degree  of  eccentricity  of  the  &n  in  the  caang  that  has 
been  found  to  work  well,  is  one-tenth  of  the  diameter  of  the  &n ; 
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It  will,  therefore,  be  seen  that  the  three  meet  essential  points 
in  the  economy  of  the  fan,  namely,  the  quantity  and  density  of  the 
air,  and  the  expenditure  of  power,  depend  on  the  proportion  of  the 
length  and  width  of  the  vanes,  and  the  diameter  of  the  inlet 
openings. 

The  width  of  the  vanes,  and  their  length,  should  be  one-fourth 
of  the  diameter  of  the  fan,  and  that  the  diameter  of  the  inlet 
opening  in  the  sides  of  the  fan  casing  should  be  one-half  of  the 
tan.  The  Table  YIII.  gives  the  approximate  dimensions  of  &ns 
for  obtaining  the  best  results,  varying  from  3  to  6  feet  in  diameter. 
The  first  six  are  the  proportions  for  densities  ranging  from  3  to  6 
ounces  per  square  inch,  the  second  six  are  for  higher  densities : — 

Table  VIII. — Dimensions  of  Common  Fans. 


Diameter  of  Fan. 


ft. 

3 

3 

4 

4 

5 

6 

3 

3 

4 

4 

5 

6 


In. 

0 

6 

0 

C 

0 

0 

0 

6 

0 

6 

0 

0 


Width  of  Vane. 


ft.      in. 
0      9 
0     10| 


1 
1 
1 
1 
0 
0 
0 


0 

3 

6 

7 

8* 
9i 


0  lOJ 

1  0 
1      2 


Length  of  Vane. 


ft.     in. 
0       9 
0     10| 
0 

n 

3 
6 
0 

4* 
6 

10 


Diameter  of 
Inlet  Opening. 


ft      In. 


1 
1 
2 
2 
2 
3 
1 
1 
1 
1 
2 
2 


6 
9 
0 
3 
6 
0 
0 
3 
6 
9 
0 
4 


Table  IX.  gives  particulars  of  some  experiments  made  with 
a  large  fan  used  to  blow  the  cupolas,  &c.,  at  the  London  Works, 
Birmingham.  Although  in  the  early  experiments  only  36  to  50 
per  cent,  of  useful  efiect  was  obtained,  eventually  as  much  as  75  *  16 
was  obtained.  No  allowance  was  made  for  obstruction  in  the  fire, 
but  the  area  of  the  tuyeres  was  taken,  having  taper  pipes  leading 
to  them,  and  the  velocity  of  the  air,  multipUed  by  the  pressure, 
was  taken  to  represent  useful  efiect  in  horse-power. 

A  considerable  difierence  in  the  amount  of  useful  efiect  was 
sometimes  produced  by  the  same  power,  but  this  arose  either  from 
a  difference  in  the  area  of  opening,  or  in  the  pressure.  When  the 
pressure  was  great  the  result  was  generally  affected,  it  being  easier 
to  get  a  moderate  pressure  with  a  fan  than  a  high  one.     A  7-inch 
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oolumn  of  water  is  considered  ample  for  cupolas.  In  all  cases 
indicator  figures  were  taken  in  order  to  arrive  at  the  power  em- 
ployed, and  figures  were  also  taken  separately  without  tiie  &n,  in 
order  to  get  at  the  friction  of  the  engine  and  shafting. 

The  £ftn  case  was  an  arithmetical  spiral,  so  that  the  blades 
delivered  the  air  regularly,  and  the  following  rules  were  deduced 
from  the  experiments : — 

That  the  fan  case  should  be  an  arithmetical  spiral  to  the  extent 
of  the  depth  of  the  blade  at  least 

The  diameter  of  the  tips  of  the  blades  should  be  about  double 
the  diameter  of  the  hole  in  the  centre ;  the  width  to  be  about 
two-thirds  of  the  radius  of  the  tips  of  the  blades.  The  velocity  o£ 
the  tips  of  the  blades  should  be  rather  more  than  the  velocity  due 
to  the  air  at  the  pressure  required,  say  one-eighth  more  velocity. 

In  some  cases,  two  fians  mounted  on  one  shaft  would  be  more 
useful  than  one  wide  one,  as  in  such  an  arrangement  twice  the 
area  of  inlet  opening  is  obtained  as  compared  with  a  single  wido 
hn ;  such  an  arrangement  may  be  adopted  where  occasionally  half 
the  full  quantity  of  air  is  required,  as  one  of  them  may  be  put  out 
of  gear,  thus  saving  power. 

If  it  is  considered  necessary  to  provide  means  to  vary  the  area 
of  admission  to  the  delivery  pipe,  this  can  be  effected  by  arranging 
a  segmental  sUde  to  the  circular  fan  casing,  as  shown  in  Figs.  1  and 
2,  Plate  XXIII.,  when  by  means  of  a  ratchet  and  pawl  the  depth 
of  the  opening  into  the  delivery  pipe  can  be  varied,  and  the  power 
required  to  drive  the  fan  be  diminished.  The  air-shaft  may  be 
built  of  brickwork,  in  which  case  the  inside  should  be  cylindrical  in 
section,  and  the  surface  covered  with  a  smooth  coat  of  plaster  or 
cement,  but  iron  pipes  with  well-made  joints  are  by  fiar  the  best. 

The  inlet  opening  on  the  casting  of  the  £an  should  be  provided 
with  a  bell-shaped  lip  or  taper  flange  all  round,  extending  several 
inches  outwards ;  this  improvement  adds  to  the  useful  effect  of  the 
£an,  and  tends  to  reduce  noise. 

Fans  are  less  expensive  in  first  cost  and  repairs,  for  a  given 
duty,  thsji  blowing  engines;  but  when  high  pressures  are  re- 
quired, they  take  somewhat  more  power  to  dxive  them.  In  other 
words,  the  fian  is  not  an  economical  machine,  in  the  sense  of  useful 
effect  for  a  certain  power ;  and  its  useful  effect  or  "  duty  "  decreases 
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rapidly  as  the  speed  is  incieased  for  the  porpoee  of  increasing  the 
preflstue  of  blast.  The  power  for  driving  a  fan  or  fans  is  generally 
beet  given  by  a  small  high-pressure  engine,  commnnicated  by  a 
belt. 

The  engine  ahonld  ran  at  a  gnick  speed,  Emd  be  proYided  with 
a  tolerably  heavy  fly-wheel,  to  prevent  its  mnniog  away  in  case  of 
any  accident  to  the  driving  belt  or  fan.  In  order  to  get  an  increase 
of  speed  from  the  engine,  the  fly-wheel  may  be  driven  by  a  snn- 
and-planet  motion  instead  of  a  crank ;  this  will  give  two  revolu- 
tions of  the  fly-wheel  shaft  for  each  double  stroke  of  the  piston, 
and  then  with  a  large  pnlley  on  the  fly-wheel  shaft,  and  a  small 
one  on  the  fan  axle,  a  high  speed  can  be  obtained.  But  for  many 
reasons  it  is  inadvisaUe  to  nee  the  sun-and-planet  motion,  if  it  can 
possibly  be  avoided.  If  a  large  volnme  of  blast  is  lequited  at  a 
moderate  speed,  this  can  beet  be  obtained  by  employing  a  fan  of 
large  diameter,  driven  at  a  moderate  speed ;  bnt  where  a  high 
pressure,  or  great  velocity,  of  Mast  is  desired,  it  is  necessaty  to 
drive  the  tan  rapidly. 

It  is  not  advisable  to  construct  a  &n  larger  than  8  feet  in 
diameter,  and  for  most  ordinary  purposes  one  of  about  5  feet 
diameter  across  the  vanes  is  to  be  prefened. 

A  silent  fan  can  only  be  obtained  I^  having  vanes  which  do 
not  fill  the  casing,  having  the  Tanes  placed  eccentrically  in  the 
easing,  and  forming  the  casing  in  a  true  ajHral. 
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Notes  on  thb  Gonstbuotion  of  Fans. 
Oood  Proportions, 

Inlet    =  i  diameter  of  fan. 

Blades  =  \  diameter  of  fSan  each  way. 

Outlet  =  area  of  blcules. 

The  area  of  tuyeres  is  best  when  about 

_       area  of  blades 

"      density  of  blast,  ozs.  per  sq.  in.  * 
and  it  should  not  exceed  twice  this  area. 


Table  X.— yELOorrr  of  Gibouaifeuenob  fob  Diffebbmt  Densitibs. 

Vfllocity  of  C^rcamference. 
Feet  per  SeooDd. 

Deniiity  of  Blast 
Ozs.  per  Inch. 

170 
180 
195 
205 
215 

3 
4 
5 

6 
7 

250  to  800  feet  per  second  is  a  proper  speed  for  cupolas. 

To  find  the  Horse-power  required  for  a  Fcm. 

D  =  density  of  blast  in  ounces  per  inch. 

A  =  area  of  discharge  at  tuyeres  in  square  inches. 

y  =  velocity  of  circumference  in  feet  per  second. 


1000 
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=  horse-power  required. 


To  find  the  Density  to  he  attained  with  a  given  Fan. 

d  =  diameter  of  fieui  in  feet. 
rv\a 


(1) 
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— ^  =  density  of  blast  in  ounces  per  inch. 


Table  XL 


Velocity 

of  Glrcmnftrenoe. 

Feet  per  Second. 


Ares  of  Noales. 


150 

»» 

>» 

170 

200 
220 


Twice  area  of  blade. 
Equal 


i 
i 
i 


l» 
t) 
»» 
I* 
•9 


Densitjof 

Blast. 

On.perInolL 


1 
2 
8 
4 
4 
6 
6 


IL^ 
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To  find  the  ^tanitity  of  Air,  of  a  given  Deneity,  delivered  by  a 


Table  XII.— Tolal  Area  Nozzlei  in  Square  Feet  X  Velooitj  in  Feet  per  Minnto, 
correepoDding  to  Deniity  (cee  Table)  =  Air  deliverad  in  Cubio  Feet  per 
UinQte. 


DmMly. 

,^: 

Dmriij. 

Velocllj, 

■,£-„&. 

Kr 

Lbtpa 

FKtpa 
MlnoU. 

1 

5,000 

1 

20,000 

S 

7.000 

u 

24,900 

8 

8,600 

8 

26.300 

4 

10,000 

zi 

81,600 

6 

11,000 

84,640 

6 

12,250 

4 

40,000 

7 

13,200 

49,000 

8 

14,150 

8 

56,600 

D 

15,000 

10 

63,200 

10 

15,800 

12 

«9.280 

11 

16,500 

15 

78,000 

12 

17,800 

20 

80,400 

Anotlier  Tariely  of  machine  for  blowing  cnpolaa  is  that  known 
as  a  "  pressore  Uower,"  which  prodnoefl  a  hlast  having  a  poeitiTe 
force  and  distinguished  &om  a  ten,  which  does  not  produce  a  force 
blast.  In  this  respect,  a  blower  is  analogOTis  to  cylinders  osed  for 
producing  blast.  In  either  case,  the  air  forced  mofit  find  an  ontlet, 
or  the  machine  stope.  Bat  a  fan  can  mn  with  the  outlet  obetmcted 
:  entirely  closed,  withont  lieiiig  in  the  lenflt   impeded.     In 
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but  a  portion  of  the  air  thus  acted  npon  is  really  forced  forward. 
Should  the  outlet  from  the  £a.n  be  partially  throttled,  there  will  be 
but  a  very  slight  increase  of  pressure  in  the  blast  while  the  fisui 
continues  to  run  at  the  same  speed ;  and  if  the  outlet  be  entirely 
closed,  the  teai  will  still  continue  running,  absorbing  much  power, 
but  producing  no  practical  effect. 

Gwynne  and  Co.'s  Blower  is  shown  in  Pigs.  1  and  2,  Plate  XXV. 
A  is  the  case,  B  the  spindle,  C  the  bed-plate,  D  suction  pipe,  E 
discharge  pipe,  G  slides  of  piston. 

This  blower  is  composed  of  an  outer  casing  or  cylinder  A, 
fitted  with  top  and  bottom  plates,  one  of  which  plates  is  constructed 
with  a  stuffing  box  and  gland,  through  which  passes  the  spindle  B, 
on  which  is  fixed  an  inner  cylinder.  This  inner  cylinder  is  slotted 
through  the  centre,  which  slot  is  fitted  with  two  sliding  plates  or 
pistons  G,  made  air-tight  to  the  slots,  and  working  air-tight  against 
the  inner  periphery  of  the  outer  cylinder. 

The  two  cylinders,  as  shown  in  the  figures,  are  set  eccentrically 
to  each  other,  so  that  the  bottom  of  the  inner  cylinder  touches  the 
bottom  of  the  outer  cylinder. 

When  the  spindle  B  is  set  in  motion  the  slides  continue  to  pass 
in  and  out,  and  thereby  take  up  the  air  which  enters  through  the 
pipe  D,  and  is  expelled  through  the  pipe  E. 

The  machine  is  fixed  to  a  firm  cast-iron  bed-plate,  so  as  to  be 
perfectly  portable ;  and  it  requires  little  or  no  foundation ;  it  has 
not,  we  believe,  been  very  extensively  applied  to  foundry  purposes. 

The  best  known  blower  at  present  is  Boots',  an  American 
invention,  but  used  largely  in  England,  and  made  here  by  Thwaites 
and  Carbutt,  of  Bradford. 

Boots'  Blower,  as  arranged  for  foundry  work,  is  shown  in  Figs.  4 
and  5,  Plate  XXV.  It  has  rotary  pistons  covered  with  wood  lags, 
by  which  construction  the  pistons  can  be  made  lighter  than 
cast-iron  pistons,  and  thus  take  less  power,  run  more  quietly,  and 
at  twice  the  speed  of  the  iron  pistons.  The  thickness  of  a  sheet  of 
paper  is  the  only  clearance  that  is  allowed,  and,  in  order  still 
further  to  reduce  the  clearance,  a  frictionless  composition  is  applied 
with  a  brush  evenly  over  the  surfiEice  of  the  hollows  of  the  rotary 
pistons,  until  every  portion  of  the  pistons  is  shown  to  be  in  contact. 
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This  oompomtdon  is  made  aa  foUowa : — 

Tallow      6pwta 

PlMter  of  Paris      6    „ 

Beeawax 8    „ 

Blaok-leed       1    „ 

thorottghly  mixed  together  and  melted,  and  allowed  to  cool  snf- 
ficicmtly  before  applicatioa. 

The  oompoaition  is  of  the  consisteno;  of  oidisaty  paint,  and 
also  answers  the  purpose  of  preserving  the  wood.  The  wood  used 
is  the  finest  selected  deal,  &ee  firom  knots,  thoroughly  seasoned  and 
dried  for  three  years.  The  lags  are  held  upon  malleable  cast  cross- 
heada  with  bolts,  which,  for  secarity,  have  the  bolt  ends  liveted 
over  the  nnta  At  the  joints  of  the  wood  lags  is  inserted  an  iron 
tongue,  which  runs  the  whole  length  of  the  joints.  The  end  plates 
are  planed,  and  are  provided  with  bosses,  which  are  bored  and  fitted 
with  hard  gon-metal  hashes,  forming  the  bearings  for  the  steel 
shafla  These  gnn-metal  bearings  are  long,  with  considerable  area 
of  wearing  suriace,  and  can  be  easily  replaced  when  worn  oat.  The 
side  plates  of  the  casing  are  half  cyhnders,  cast  separately,  planed 
on  the  flanges,  bolted  to  form  a  circle,  and  then  bored  out  as  true 
as  a  steam-engine  cylinder ;  the  wde  plates  and  end  platee  are  con- 
nected together  with  fitted  bolte.  The  ontlet  branch  is  fixed  in 
most  cases  at  the  bottom,  and  a  perforated  box-oover  is  fixed  at  ttie 
top  to  admit  the  air,  and  to  prevent  anything  else  from  entering 
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which  frequently  replace  the  wooden  pietoua  in  these  blowers,  are 
decidedly  to  be  preferred  if  the  blower  ib  to  be  placed  in  a  situation 
at  all  liable  to  dampneea. 

The  following  Table  famlBbes  some  interesting  parUcnlars  as  to 
the  dimenBions,  work,  dimensions  of  discharge  pipes,  and  other 
details  respecting  Boots'  blowers : — 


Tabu  XIII.— PiBTtcuLABg 

Ot  BOOltf   BOTABX  Bl.OWSB>. 

Ueltho  iHni. 

1 

GRXIBAL  DlMETUOta. 

"  1^' 

i 

^ 

''iT^:,'!' 

1      ^ 
f|1| 

IB.'  3 

K     1  f- 

h 

11 

■5-g 

t 
5 

1 
■3 

"^— - 

1 

ii 

1 

H 

1 

I 

Lmpb.  Brrtdlb 

1 

Height. 

1 

1 

,. 

fn 

ft    li> 

IhU. 

aSO      2i2(tu3C 

V. 

14 

fi 

n 

3  10      3     0 

2    6 

100 '     3  24  „  30 

■A 

I*/ 

4 

4     8      3     0 

2     6 

«* 

350    4130  „  aa 

4 

14 

.1 

H) 

5     8      3     0 

2     8 

353      8   36  „  4P 

1! 

Ifi 

f! 

1V 

e     8      4     0 

3    4 

IK 

320 ,  12  ,48  „  60 

K 

IX 

14 

3    0 

V« 

31011(1         .. 

8(iS0 

■M 

» 

IB 

8    0     S    0 

"■ 

30 

It  would  appear  that  this  machine,  when  fitted  with  wood 
pistons,  is  rather  liable  to  be  sflected  by  Tariationa  in  temperature, 
a  matter  which  must  be  attended  to  in  fixing  the  machine. 

A  blower  of  very  ingenious  construction  is  that  invented  by 
John  Q-.  Baker,  of  Philadelphia,  and  shown  in  section  Fig.  3, 
Piute  XXY.  It  is  already  largely  employed,  both  iu  England  and 
in  America,  and  promise  to  become  a  standard  machine  for  foundry 
use.  It  consists,  as  will  be  seen  from  the  figure,  of  three  drums, 
the  upper  drum  being  furnished  with  two  blades  or  Tanes  passing 
alternately  through  wide  openings  mode  to  receive  them  in  the  two 
lower  drums.  This  blower  is  made  entirely  of  iron,  the  cylindrical 
portion  or  case  bored  out  and  faced  on  the  ends,  the  heads  of  the 
machine,  or  ends  upon  which  the  bearings  are  bolted,  being  also 
faced  off  true.  The  case  is  secured  at  the  ends  by  bolts,  and  when 
in  exact  position  the  ends  are  doweled,  so  that  when  the  case  is 
removed  it  can  be  returned  to  position  without  delay.  The  base  is 
R  solid  casting  faced  on  ita  upper  side,  and  bolted  firmly  to  the  ends 
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■  of  the  madune ;  the  dramB  are  each  caat  in  one  piec^  tnmed  trnlj 
and  balanced  to  ensure  cloeeneeB,  and  at  the  aame  time  to  lendei 
them  Bteady  when  mmung;  the  elote  in  the  two  lower  dmnu 
extend  tiuonghoat  their  entire  length,  and  are  made  considerabl; 
wider  than  is  needed  for  the  passage  of  the  wings,  in  order  to 
ensure  freedom  in  action,  and  prevent  any  danger  of  the  wings 
striking  against  them  when  entering  or  leaving ;  the  wings  of  the 
central  drum  are  faced  off  and  bcdted  on  firmly,  tiliey  are  cast  in  the 
requisite  form  to  ensure  the  greatest  strength  in  proportion  to  their 
weight.  As  with  other  machines  of  this  class  the  bearings  in 
general  are  made  large,  to  secure  extended  bearing  surface,  and 
^Te  the  joumala  sudi  a  degree  of  strength  as  to  prevent  them 
springing,  and  to  overcome  rapid  wear.  To  find  the  amount  of 
power  to  be  used  with  one  of  these  machines,  tlie  following  formula 
will  be  found  useful,  the  quotient  vriU  be  Hie  actual  hoiso-power, 
lees  the  friction  of  the  blower : — 

2   =  oabio  feet  of  i^  deliTered  per  mlnnte. 

P  =  praoBDre  in  onnoet  per  iqaue  laoh  at  blower. 
H  J',  =  indicated  boite-power  leqalred. 

^p     aPx-003 

The  Table  following  nhtee  to  Baker's  Blowers,  the  uzee  being 
those  made  l^  the  Saville  Street  Foundry  Company,  Sheffield : — 
Tablx  xrv. — Pabtioulabj  or  Bakmb'b  BMwns. 
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Blowers  should  be  set  on  good  solid  stone  foundations,  to  which 
they  should  be  held  by  proper  bolts,  and  care  should  be  taken  to 
set  them  level  lengthwise.  Too  much  stress  cannot  be  laid  upon 
the  necessity  of  providing  iron  piping  for  the  air-conducting  pipes, 
and  seeing  that  these,  with  the  shut-off  yalyes  and  connections, 
are  perfectly  tight.  An  escape  yalve  may  be  fixed  with  advantage 
upon  the  air-pipes,  to  relieve  the  blower  from  too  great  an  increase 
of  pressure  of  air,  caused  by  the  closing  of  the  shut-off  valves  while 
the  machine  is  in  operation. 

It  is  to  be  regretted  that  no  more  definite  and  independent 
information  is  to  be  obtained  with  regard  to  the  superiority  and 
relative  advantages  of  the  various  pressure  blowers  in  use,  and  of 
the  comparative  results  obtained  by  such  machines  as  apphed  to  the 
foundry  cupola,  than  that  issued  by  their  respective  manu£a<;turers« 
The  subject  has  not  yet  received  the  attention  it  deserves  at  the 
hands  of  the  ironfounder  in  this  country,  nor  have  the  results  been 
so  carefully  worked'  out  here  as  in  the  United  States  of  America, 
where  the  conditions  of  working  are  somewhat  different;  and  it 
must  be  inferred  from  their  tardy  adoption  that  the  advantages 
offered  have  not  been  clearly  understood  or  appreciated  by  the  users 
here,  many  of  whom  have  a  strong  preference  for  the  fan. 

There  are,  however,  certain  well-known  advantages  in  their  use 
as  against  the  fan,  which  are  more  than  sufficient  to  cover  the 
increased  cost  of  their  adoption,  and  these  will  be  now  considered. 
The  first  great  difference  hes  in  the  fact  that  the  pressure  blower  is 
a  positive  or  force  blast,  measuring  accurately  the  amount  of  air 
delivered  per  revolution ;  the  &n  is  not,  nor  can  it  be  made  to  do 
so,  whatever  its  construction.  How  fieir  this  is  beneficial  will  appear 
fEtrther  on.  The  fan  is  able  to  produce  a  pressure  from  the  fitct 
that  air  possesses  a  slight  specific  gravity,  and  by  setting  in  motion 
arms  or  beaters  at  a  high  speed,  sufficient  centrifugal  force  is  pro- 
duced to  repel  the  particles  of  air  outwards  or  towards  the  delivery 
by  beating  it.  By  rapidly  increasing  this  centrifugal  action  its 
density  and  consequent  pressure  may  be  effected  up  to  a  certain 
point 

In  the  blower,  however,  the  quantity  of  air  forced  forward  per 
revolution  is  practically  the  same,  whether  making  100  or  200 
revolutions  per  minute,  and  does  not  in  any  degree  depend  upon 
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'  cratoifugal  afitioD  or  apoa  the  specific  gravity  of  the  air  to  gire  a 
definite  displacement,  and  tbis  commends  the  Hover  as  a  source  of 
economy  in  promoting  the  oombnstion  of  the  fiiel  in  the  fnmace,  and 
in  the  power  neceesary  to  drive  it,  as  the  difference  in  speed  alone 
in  the  two  machines  T&ries  from  100  to  5000  revolations  per  minute. 
In  order,  therefore,  to  maintain  a  preesore  such  as  is  ordinarily 
required  for  smelting  iron,  the  &n  must  sometimes  nm  at  a  speed 
dangeronsly  near  the  bnisiong  strain  of  the  materials  of  which  it  is 
composed,  whilst  there  is  a  hmit  to  the  presaoie  which  caa  be 
.  attained  by  tbis  centrifugal  force,  and  when  that  limit  ia  reached, 
no  more  air  will  be  forced  forward,  however  the  speed  may  be 
increased,  thus  absorbing  power  nseleasly.  This  fact  admitted,  it 
follows  that  the  effectiveness  of  a  fan  to  deliver  a  given  quantity  of 
air,  is  proportionately  impaired  by  the  degrees  of  resistance  which 
are  brought  into  operation  during  the  melting  jamceea ;  and  this 
argues  that  there  is  a  constant  uncertainty  as  to  the  amount  of  air 
entering  the  cupola,  whilst  it  is  equally  clear  that  under  such  con- 
ditions the  same,  nay  more,  air  is  required  in  the  interior  of  the 
furnace  to  produce  an  economical  yield  of  iron  per  lb.  of  fuel 
burnt.  As  the  melting  proceeds  the  tuyeres  become  foul  from  the 
accomnlation  of  slag  and  cinders  in  the  interior  to  such  an  extent, 
that  the  melting  cesses,  and  the  iron  is  rapidly  decarbonized,  loses 
its  floidity,  and  is  rapidly  chiUed,  so  that  the  castings  are  bad  &om 
being  nm  short,  too  hard  or  unworkable  with  the  tools  which  follow, 
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oxygen,  to  combine  with  the  carbon  of  the  fnel;  bo  that  a 
machine  deliyering  a  fixed  quantity  of  air  in  a  given  time  is  as 
necessary  as  the  knowledge  of  how  much  coke  is  required  per  ton  of 
iron  put  into  the  cupola.  But  as  combustion  can  only  proceed  at  a 
certain  rate,  it  is  equally  important  that  too  much  air  is  not  forced 
therein,  otherwise  the  temperature  of  the  furnace  gases  is  lowered. 

When  the  proper  amount  of  air  is  suppUed  the  combustion  is 
perfect,  and  the  highest  rate  of  melting  attained ;  but  then  we 
must  remember  that  as  the  carbon  seizes  upon  the  oxygen  of  the 
air  and  converts  it  into  carbonic  acid  on  its  entrance  at  the  tuyeres, 
so  this  compound  is  rapidly  reconverted  into  carbonic  oxide  as  it 
ascends  through  the  charge,  from  the  liberation  of  the  hydro- 
carbons and  other  gaseous  elements  of  the  fuel ;  and  that  in  order 
to  secure  the  highest  temperature  and  efficiency  we  must  be 
enabled  to  inject  continuously  a  given  quantity  of  this  oxygen  to 
prevent  the  formation  of  carbonic  oxide,  and  this  can  only  be  done 
by  some  machine  which  deUvers  positively  under  all  conditions  of 
the  furnace  a  fixed  quantity. 

We  have  said  enough  to  prove  the  importance  of  fixed  quantities 
of  fuel,  air,  and  iron  in  the  economical  production  of  castings ;  but 
the  diagram.  Fig.  1,  Plate  XIY.,  illuBtrates  forcibly  what  actually 
takes  place  in  the  cupola,  showing  the  operation  of  the  blast  in 
actual  work,  using  a  Baker  s  blower  and  comparing  the  pressure 
with  those  of  a  fan. 

The  irregular,  crooked  and  dotted  lines  show  five  difierent 
heats  taken  from  a  37-inch  cupola  inside  the  hning,  measuring  at 
its  largest,  or  at  20  inches  above  the  tuyeres.  Blast  given  with  a 
No.  17-feet  Baker  blower,  running  93  revolutions  per  minute, 
blast  pipes  cast  iron,  and  perfectly  air-tight. 

The  horizontal  lines  on  the  diagram  show  pressure  in  ounces 
per  square  inch,  and  the  vertical  lines  time,  divided  into  spaces  of 
five  minutes  each.  On  examination  of  the  diagram  it  will  be 
observed  that  when  the  blast  is  first  put  on,  the  pressure  will  be 
somewhere  near  ten  ounces,  slightly  diminishing  the  first  fifteen 
minutes,  untU  the  iron  commences  to  melt,  then  rapidly  increasing 
in  pressure  until  the  highest  limit  is  obtained,  which  is  in  about  an 
hour  and  a  quarter  after  the  blast  is  put  on.  The  fuel  used  was 
the  best  anthracite  lump  coal,  and  the  iron  was  two-thirds  pig  and 
one-third  spmes,  small  gates,  fine  scrap,  &c.,  at  last  of  the  heat. 
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The  aveikge  tunoimt  <tf  power,  nambet  of  Iba.  of  iron  melted  per 
Ibe  of  coal  used,  and  iron  melted  per  lb.  of  ooal,  are  given  in  the 
acoompanying  Table : — 
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□  Bakbb'a  Bloveb- 


m^. 

-Tlmaln 

d<.[lneh«it. 

i^^-^iJSU 

ssts. 

^pgr 

^^ 

tin.  Inn 

A 
B 
0 

D 

E 

B3 
90 
100 
101 
111 

7-45 

7-40 
7S3 
7'60 
7-50 

12,000 
12,000 
12,100 

i2,ssa 

18,873 

1,500 
1,450 
1,550 
1,550 
1,690 

9,729 
8,780 
9,075 
9,181 
8,950 

163 
146 
152 
1S3 
140 

8,000 
8,275 
7,800 
8,032 
8,403 

Aierege 

101 

7-50 

12,504 

1,540 

9,143 

152 

8,102 

A  caiefol  study  of  ^e  diagram  reveals  eereral  important  iaota 
to  which  we  would  call  attention : — 

let.  The  ever-Tarying  oonditions  of  the  fomace  as  regards  the 
preasare  of  blast  to  prodnce  the  results,  shown  bj  the  nnsteadineaB 
of  the  lines. 

Snd.  That  under  ordinary  circomstancee,  snch  s  resistance  to 
the  passage  of  the  air  throDgh  the  charge  in  the  fomace  is  imposed, 
as  to  caose  a  considerable  increase  in  the  preesore  of  the  blast,  and 
that  if  the  machine  is  not  capable  of  answering  such  conditions, 
there  most  be  a  correeponding  loss,  both  in  fael  and  the  qn&hty 
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CHAPTER  XI. 


PATTERNS. 


In  order  to  mould  a  quantity  of  melted  metal  into  any  desired  form 
two  things  are  necessary,  a  model  or  pattern  of  the  required  form, 
and  a  substance  of  sufficient  susceptibility  and  adhesiveness  to 
receire  accurately  and  to  retain  impressions  of  that  pattern  made 
upon  it,  against  the  violence  of  the  liquid  metal  when  run  into  the 
space  which  is  thereby  formed.  The  making  of  patterns  is  a  trade 
in  itself,  involving  in  its  pursuit  the  manipulative  knowledge  of  the 
turner  and  joiner,  and  into  the  bench  details  of  this  trade  it  is  not 
our  purpose  to  enter ;  but  those  desirous  of  studying  these  details 
would  do  well  to  read  the  capital  httle  treatise  of  Joshua  Bose. 

Wood  is  almost  universally  employed  as  a  material  for  patterns, 
pine  or  deal  and  mahogany  being  the  kinds  chiefly  used.  Of  these, 
pine  is  by  far  the  most  useful,  in  consequence  of  its  uniformity 
of  substance,  freedom  from  knots,  clean  and  easy  working,  and 
abundance.  Yellow  or  white  pine  is  particularly  good  for  long  and 
nearly  flat  work ;  it  does  not  warp  much,  is  not  likely  to  split, 
and  is  light  to  handle.  It  has  a  fine  grain,  and  is  left  smooth 
after  the  tool.  It  should  not  be  roughly  used,  however ;  being  soft,  it 
is  easily  injured  by  a  blow  or  a  fEill,  and  will  be  injured  if  placed  in 
situations  where  it  is  likely  to  be  subjected  to  such  contingencies. 

Canadian  red  pine  is  harder  than  the  above,  and  may  well  be 
substituted  for  it,  if  it  is  chosen  free  from  large  knots,  and  not  too 
much  impregnated  with  turpentine. 

White  American  fir  or  spruce  is  best  for  large  wheel  patterns, 
especially  when  they  have  to  be  built  up  and  glued  together  before 
being  tcmded  in  the  lathe.  It  should  be  cut  into  thin  slabs,  and 
slowly  seasoned,  when  it  will  not  be  found  to  split  When  the 
slabs  are  glued  together,  the  grain  of  each  slab  should  be  placed 
diagonally  to  that  next  it.  This  is  a  harder  wood  than  yellow  pine 
or  yellow 


142  rouKDma  Am)  omnsa. 

We  entirely  agree  with  Boee,  the  Americui  machinist,  when 
he  Btat«8  that,  "  Cure  taken  in  its  selection  will  he  amply  repaid  in 
the  workshop.  When  it  is  straig^t-grsined,  the  marks  left  by  the 
eaw  will  show  an  eren  roaghnees  tiirooghont  the  whole  length  of 
the  plank ;  and  the  rougher  the  appearance,  the  softer  the  plank. 
That  which  is  sawn  comparatiTety  smooth  will  he  fonnd  hard  and 
tronhleeome  to  work.  If  the  pluik  has  an  nneren  appearancse, 
that  is  to  say,  if  it  is  roagh  in  some  parts  and  smooth  in  others, 
the  grain  is  crooked.  Snch  timber  is  known  to  the  trade  as 
catfaced.  In  planing  it  the  grain  tears  ap,  and  a  nice  smooth 
surface  cannot  be  obtained." 

Mahogany  shrinks  bat  little  in  drying,  and  twists  and  warps 
leas  than  any  other  wood,  on  which  soconnts  it  is  largely  used  in 
pattern  making.  Spanish  mahogany  is  considered  the  best,  and 
Hondnras  next.    A&ican  is  inferior,  as  it  alters  its  shape  in  drying. 

Mahogany  does  excellently  for  small  patterns,  bat  its  expense 
limits  its  application  to  the  constmction  of  theee.  It  can  be  cat 
very  dean,  and  its  saperior  density  and  closeness  of  grain  render  it 
well  fitted  for  nioe  patterns,  soch  as  of  hashes  for  joamala,  small 
pinions,  the  teeth  of  wheels  below  1  inch  in  pitch,  and  in  every  case 
of  a  similar  natare  in  which  the  fibres  of  the  wood  may  be  pre- 
sented endwise  to  the  snrface;  whereas  in  working  fir  in  this 
manner  for  minate  parposee,  it  is  apt  to  be  broken  away  at  the 
edges. 
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and  not  too  hard  to  be  easily  and  neatly  worked  to  the  desired 
form.  There  are  seyeral  woods  which,  although  admirably  adapted 
for  pattern  making  in  these  respects,  are  still,  from  their  tendency 
to  split,  only  to  be  nsed  with  great  caution,  notably  teak  and  green- 
heart.  Patterns  made  of  sycamore,  maple,  box,  oak,  and  elm 
generally  require  to  be  varnished  or  painted  before  being  placed 
in  sand ;  otherwise,  howeyer  dry  and  smooth  they  may  be,  they  may 
not  draw  cleanly  from  the  mould. 

We  have  given  here  but  a  short  ri»umi  of  the  leading  charac- 
teristics of  the  dijQferent  kinds  of  wood  used  by  pattern  makers, 
but  if  fuller  particulars  should  be  required  on  this  topic,  the  reader 
is  recommended  to  consult  voL  i.  of  Holtzapffers  '  Turning  and 
Mechanical  Manipulation.'  That  work  contains  a  very  complete 
list  of  British  and  foreign  woods,  although  comparatively  few  of 
these  are  used  in  pattern  making. 

A  more  recent  work,  *  Tredgold's  Carpentry  by  J.  T.  Hurst,* 
conteins  information  about  timber,  which  wiU  alao  be  found  very 
serviceable. 

No  large  foundry  should  be  without  sufficient  stock  of  seasoned 
wood  for  patterns,  nor  without  a  properly  constructed  drying  room 
for  desiccating  such  timber. 

In  a  foundry  nothing  is  more  wasteful  than  the  employment  of 
half-seasoned  wood  when  the  patterns  are  to  be  of  any  permanent 
value.  'They  warp,  spht,  and  change  form,  and  though  still  capable 
of  being  moulded  from,  parts  intended  when  cast  to  go  together  with 
a  minimum  of  fittmg,  are  found  to  require  a  great  deal  more  than 
need  be,  and  sometimes  cannot  be  got  together  at  all  without  thick 
chipping  strips  being  tacked  on  to  the  meeting  tsutxA  of  the 
junctions  in  the  patterns,  or  perhaps  even  packing  pieces  of  iron  in 
the  work  itself.  The  stock  of  fully-seasoned  pattern  wood  should 
not  be  left  at  the  mercy  of  the  pattern  makers,  to  cut  it  up  how 
and  when  they  like,  at  their  own  discretion.  Every  joiner  prefers  to 
work  dry  wood,  which  works  so  much  more  easily  than  what  is 
unseasoned.  There  is  a  desire  to  employ  always  a  finelynseasoned 
wood,  whether  necessary  or  not,  and  for  many  large  patterns  it  is 
not  so.  When  the  drawings  come  &om  the  drawing  office,  the 
foreman  should  direct  the  pattern  maker  as  to  the  timber  to  be 
employed,  and  check  the  quantity  taken  off  by  each  man. 
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Timber  ia  seaaoDed  hj  bemg  exposed  &eelj  to  the  air  in  a  dry 
place,  protected  if  pofleible  from  the  Bnashine  and  high  winds. 
The  timber  is  stocked  ao  as  to  allow  of  the  firee  circulation  of  air 
amoDgat  it,  and  should  be  slightly  raised  from  the  gronnd  on  stone 
or  iron  bearers.  If  the  timber  is  allowed  to  remain  in  water  for 
a  fortnight,  the  subsequent  seasoning  and  drTing  is  more  rapid. 

Time  is  the  beet  seasoner  of  timber;  but  space  and  other 
ecoaomicol  considerations  nsually  cause  founders  to  abridge  the 
time  by  artificial  sensoning.  This  is  oftrai  done  hj  piling  the  sawn 
planks  into  neks,  provided  over  the  boilers  of  the  engine  which 
driTes  the  machine  of  engineering  works.  In  large  works  it  is 
much  safer  to  have  a  proper  oven  or  desiccating  tdln,  specially 
nude  for  the  timber,  and  heated  by  the  waste  beat  &om  some 
boiler  or  fire.  The  heat  most  not  be  great,  and  a  steady,  gentle 
current  of  dry  aic  through  is  essential.  When  the  wood  is  qnite 
dry,  it  is  beet  stacked  in  racks  horizontally  in  the  open  air,  bat 
under  corer  &om  rain. 

Large  patterns  when  quite  done  with  should  be  taken  to  pieces, 
and  the  more  useful  portions  of  timber  they  contain  be  cleaned  and 
stacked  for  use  again.  Those  patterns  which  are  to  be  preserved 
tor  future  use  should  be  stored  in  an  orderly  manner,  exposed  to 
the  open  air,  but  toofad  over  to  keep  them  dry. 

Wheel  pattons  occupy  a  great  deal  of  room,  tot  they  most  be 
stacked  upon  the  flat  over  each  other  in  piles,  only  bearing  upon 
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Some  woods,  such  as  oak  for  instance,  have  snch  powerful 
capillary  attraction  that  when  placed  in  contact  with  the  moulding 
sand  they  rapidly  imbibe  the  moisture  from  it,  and  adhere  so 
firmly  to  the  face  of  the  mould,  that  they  cannot  be  withdrawn 
cleanly  and  smoothly  from  it. 

Deal  and  red  cedar  are  more  free  from  this  objection,  as  their 
grain  has  much  less  attraction  for  moisture,  and  thus  allow  the 
patterns  to  draw  with  ease  from  the  sand. 

Some  of  the  hard  woods  which  are  occasionally  employed,  such 
as  ebony  and  box,  haye  surfisu^es  almost  as  hard  and  unabsorbent  as 
a  metal.  But  there  are  also  several  hard,  close-grained  woods, 
which  cannot  be  made  to  draw  clean  from  the  sand — poplar, 
sycamore,  and  pear  tree,  for  example.  This  is  unfortunate,  as  these 
woods  are,  in  other  respects,  pleasant  to  work  on.  If  the  surfiEUses  of 
the  pattern  made  from  these  woods  can  be  left  quite  fresh  from  the 
cut  of  a  keen-edged  tool,  the  difficulty  is  reduced,  but  if  they  have 
been  finished  with  a  file  or  glass-paper,  the  grain  wiU  be  so  fringed 
up,  that  it  will  be  impossible  to  obtain  a  clean  green-sand  mould 
from  the  pattern. 

As  a  precaution  against  these  defects  in  the  wood,  and  also  as 
a  preservative  for  the  patterns,  they  are  usually  coated  with 
varnish,  or  oil  paint,  &c.  Thus  their  capillary  attraction  is 
leasened,  and  their  surfaces  made  smooth  and  glossy.  There  is 
nothing  better  for  this  purpose  than  a  moderately  hard  drying  oil 
pamt,  black-leaded  over  when  dry.  One  mode  of  coating  patterns 
is  to  paint  them  with  a  thin  coat  of  oil  paint,  consisting  of  red-lead 
and  acetate  or  sugar  of  lead.  Allow  this  to  dry  in  a  warm  room, 
then  carefully  rub  over  with  sand-paper,  and  finish  with  powdered 
chalk ;  or  a  thin  coat  of  a  less  rapidly  setting  oil  paint  may  be 
applied,  and  the  surface  finished  with  pumice-stone,  and  very  fine 
glass-paper.  Bub  well  with  a  soft  cloth,  then  put  on  a  coat  of 
black-lead  mixed  with  beer,  applied  with  a  hardlbrush. 

When  only  one  or  two  castings  are  required  from  a  pattern, 
especially  if  it  should  be  of  an  ornamental  and  delicate  character, 
this  coating  of  black-lead  and  beer  may  be  applied  directiy  to  the 
naked  wood  of  the  pattern.  This  plan  answers  very  weU  where 
the  wooden  pattern  is  to  be  employed  simply  for  the  production  of 
a  metallic  pattern.     3ut  it  is  certainljr^  dcisirable  that  patterns 
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which  have  to  be  used  BeverRl  timfls  should  be  painted  in  oil,  more 
especiaUy  when  they  oontEtin  joints  made  in  glne. 

Pattern  makera  mix  with  their  glne  some  good,  thin  drying 
linseed  oil,  in  the  proportion  of  about  one  of  oil  to  C^nr  of  water. 
Tho  oil  is  added  to  the  glue  and  wdl  stined  in  whihit  hot.  This 
glne  is  Bcarcely  affected  1^  moistnre,  and  makes  a  strong,  eomid 
jomt,  althoogh  it  does  not  set  hard  and  glassy,  like  ordinary  glne. 
It  is,  howeTer,  adTisable,  even  when  this  glne  is  nsed,  to  protect 
the  pattera  from  mcnstnre,  &c.,  by  oil  paint,  if  a  good,  clean  monld 
is  desired. 

Fcx  large,  coarse  work,  a  thin  ooat  of  common  lead-colonr  oil 
pfunt,  with  slight  finish  of  black-lead  pnt  oq  dry,  is  a  cheap  and 
simple  protection. 

Mallet  recoromends  a  piunt  for  wheel  patterns  as  giving  ex- 
cellent results  in  the  moulds,  and  a  smooth  snr&ce  on  the  Castings. 

A  first  coat  was  applied  of  a  punt  made  of  thin  drying  oil, 
spirits  of  turpentine,  and  pure  white-lead  mixed  with  a  little 
crystallized  acetate  of  copper.  When  dry  this  was  smoothed  off 
with  pmuice-stone,  then  a  second  very  thin  coat  of  the  same  paint 
was  applied,  with  the  addition  of  a  little  copal  Tarnish.  The 
patterns  were  then  elowly  dried,  being  carefolly  watched  to  see 
that  no  warping  occurred.  This  paint  dried  very  hard,  bnt  aftor  a 
time  when  exposed  to  wear  and  handling  it  would  get  scratched, 
when  it  ceased  to  give  snch  good  results  as  those  at  first  obtained. 
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the  casting  in  any  desired  metal,  if  the  weight  of  the  pattern  is 
known. 

If  the  pattern  is  of  a  simple  form,  its  cubical  contents  multi- 
plied by  the  weight  of  a  cubic  inch,  or  cubic  foot  of  the  metal, 
will  give  the  weight  of  metal  required  for  the  casting;  and  this 
is  generally  the  more  reliable  plan,  as  it  is  quite  unaffected  by 
differences  in  the  specific  gravities  of  the  materials  used  in  the 
pattern. 

It  is  always  necessary  to  make  a  good  allowance  for  the  excess 
of  metal  in  the  rising  heads,  gaits  or  gats,  and  the  like. 

When  a  pattern  is  made  up  of  several  different  materials,  and 
is  of  a  form  not  easily  to  be  measured  for  its  cubical  contents,  the 
usual  plan  is  to  weigh  each  of  its  component  parts  before  they  are 
finally  adjusted  in  position,  and  the  weight  of  the  hard  wood,  iron 
bolts  and  straps,  &c,  being  noted  down,  the  weight  of  metal 
required  can  be  arrived  at. 


Table  XVI 

.—Weight 

OF  Gastinos. 

A  PaUern  weighing  1  lb. 

W!U 

weigh  when  cast  in 

Cast  Iron. 

Zinc 

Copper. 

TeUowBraas. 

Gun-metal. 

MBhogany    .. 
White  pine   . . 
YeUow    „     ..     .. 

Cedar    

Haple 

8 
14 
13 
11-5 
10 

8 

14-5 

12-6 

11-4 

9-8 

10 

18 

16 

14-5 

12*5 

9-8 
17-5 
15-5 
14 
12 

10 

17-8 

16 

14-5 

12-4 

Papier-mach6,  or  plaster  of  Paris^  should  always  be  black- 
leaded,  oyer  thin,  hard,  oil  paint.  Cast-iron  patterns  should  be 
rusted,  by  any  solution  which  increases  the  tendency  of  the  metal 
to  oxidize.  Sal-ammoniac,  dilute  hydrochloric  acid,  or  common 
salt  in  water,  answers  the  purpose.  The  rust  must  be  completely 
got  off  by  the  ''  scratch  brush  "  of  wire,  before  the  Uack-lead  is 
applied. 

All  metallic  patterns  are  much  improved  in  their  '*  delivery  " 
by  being  finely  "  black-leaded."  Prior  to  the  application  of  the 
plumbago,  the  surface  of  brass  or  gun-metal  patterns  should  be 
*' roughened,"  by  leaving  them  wetted  with  a  solution  of  sal- 
ammoniac.    Zinc,  solder,  or  type-metal,  or  other  such  soft  alloys, 

1.^ 
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will  "tftke"  the  blaok-lead  at  oooe,  if  Ibe  sni&ce  be  &ee  &om 
grease  ot  dirt 

To  pteeeiT^  iron  patterns  from  roBtiug,  and  to  make  them 
delirei  more  eaail;,  they  ehoold  be  iillowed  to  get  slightly  rost; ; 
next,  they  shonld  be  warmed  snfficieiitly  to  melt  beeewax,  which  is 
tiien  rubbed  all  orer  them,  and  nearly  removed ;  they  aie  then  to 
be  polished  with  a  hard  bmeh  when  cold. 

The  following  is  a  list  of  the  differeot  varieties  of  wood  most 
Boitable  for  pattern  making  with  their  qiecific  gravitiee : — 

^Kctflo  Oniit)'. 

Cotk 0-24 

Amsricui  pina O'ST 

Amenoanflt ..     ..  0'i2 

lAWh OM 

Cowrie       0-58 

Bed  HondniMoedar       0'55 

Elm 0'55 

White  poplu Varitt  0-31  to  0-53 

WiUow       ,  0-*2to0-5 

Sjcamore 0-60 

Lime  tree 0-60 

Peartree 06G 

Cherrytree       0'71 

Haple         0-75 

Appletree 0-80 

Alder 0-80 

Beeoh 0-85 

Hondnru  mahogany        O'Sl  to  1-06 

Boivood 1  03  to  1-33 
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mouldy  and  the  casting,  is  generally  made  in  different  materials, 
each  of  which  is  subject  to  certain  alterations  in  size  and  shape, 
dependent  upon  the  degree  of  heat  to  which  it  may  be  exposed,  or 
upon  changes  in  dryness  or  moisture.  Thus,  from  th6  original 
design  or  drawing  a  pattern  is  made,  most  frequently  in  wood, 
which  is  then  transferred  to  the  mould;  this  varies  in  materials 
according  to  the  nature  of  the  work,  into  which  finally  the  molten 
metal  is  poured. 

In  yiew  of  these  circumstances,  and  certain  known  properties 
of  materials  at  different  temperatures,  allowances  have  to  be  made 
for  shrinkage,  &c.,  from  which  it  follows  that  patterns  have  to  be 
made  differing  materially  from  the  size  and  shape  of  the  casting 
which  is  to  be  produced.  There  are  several  elements  of  compli- 
cation; thus,  as  there  must  be  a  slight  clearance  allowed  for 
removing  the  pattern  from  the  mould  in  which  it  is  enveloped,  the 
hollow  of  the  mould  has  to  be  slightly  larger  than  the  pattern. 
The  casting  itself  contracts  in  cooling  to  an  extent  which  is  pretty 
well,  but  by  no  means  accurately,  ascertained,  and  for  which  a 
regular  allowance  is  made.  Thus,  in  large,  heavy  castings,  one- 
tenth  of  an  inch  is  added  to  every  foot  of  length  in  the  pattern, 
which  is  found  in  practice  sufficient  to  allow  for  the  contraction  of 
the  metal  on  cooling,  combined  as  it  is  with  the  slight  increase  in 
the  size  of  the  mould  over  the  pattern.  In  small  castings,  one- 
eighth  of  an  inch  to  the  foot,  or  about  one  per  cent.,  is  sufficient. 

The  following  remarks  upon  this  point  are  taken,  with  the 
accompanying  Table,  from  Thomas  Box's  '  Treatise  on  Heat ' : — 

'*The  contraction  which  metals  experience  in  cooling  down 
from  their  melting  points  to  ordinary  temperatures  is  very  con- 
siderable, amounting  to  about  an  inch  with  a  straight  bar  of  cast- 
iron  8  feet  long,  or  with  a  copper  bar  5  feet  long.  Allowance  has 
therefore  to  be  made  for  contraction  in  fixing  the  ozes  of  the 
pattern. 

*'  Table  XYII.  gives  the  result  of  practical  observations  oil  this 
subject,  and  is  very  simple  in  application.  Thus  a  cast-iron  girder 
20  feet  long  must  have  a  pattern  *  1246  x  20  =  2  *492  inch  longer 
than  itself,  but  a  pattern  20  feet  long  woald  give  a  casting  *  1236 
X  20  =  2  -  472  inch  shorter  than  itself. 

**  For  practical  purposes  one-eighth  of  an  inch  to  a  foot  fer  oast- 
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mm,  one-sixth  for  gan-metol,  one-fifth  for  copper,  and  one-fonith 
tot  one  may  be  taken  as  sufficient  appioximations. 

"The  oontraction  of  wheels  is  anomalous,  as  is  Bhown  bj 
Table  xVlii.  The  irregnlaritiee  in  the  apparent  oouttaotion  arias 
in  part  from  the  practice  of '  rapping '  the  pattern  in  the  sand,  to 
make  it  an  easy  fit  and  enable  it  to  be  dravn  out  with  bcalilry. 
This  is  meet  influential  in  iis  results  with  fonall,  heavy  wheels  of 
great  width  of  fiice.  In  some  oases,  and  in  loog^  hands,  the  atsting 
<^  a  small  and  heavy  pinion  may  be  quite  the  fhll  size  of  the 
pattern.  The  aUowanoe  to  be  made  is  therefore  not  nniform,  bat 
most  be  fixed  with  judgment.  In  large  wheels,  where  the  effect 
of  rappng  is  oompaiatiTely  small,  one-tenth  of  an  inch  to  a  foot 
may  be  taken  safely.  A  wheel  is  not  so  free  to  contract  as  a 
straight  bar,  and  in  any  case  its  contraction  will  be  less." 


Tam*  XVII.— Of  Tax  CoimuOTiON 

or  HsTALa  Dt  CAsnsa  (Box). 

hruglhot 

Coxiiucm.. 

TMd 

PrFdoL 

Inlocliia. 

ormtem. 

OfC«.li.K. 

n.      Id 

Call-iron  girder 

21    8t 

n. 

■1236 

-1246 

1»    D 

■1225 

■1236 

Gun-metiLl  bar  .. 

5  4; 

1-0 

■185G8 

-1886 

Uaii^un. 

5   TH 

■936 

■1653 

-1676 

■97 

■1713 

-1737 

G"0i 

1-0 

■1C16 

■1684 

5   el 

■02 

■1671 

■1695 
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Extreme 

Diameter  of 

Wheel  Gastlog. 

Pitch 
InloclMi. 

Width 

of  Teeth  In 

Inches. 

COKTAAOnW. 

Total 
In  Inches. 

Per  Foot. 

Of  Casting. 

Of  Pattern. 

fl.    in. 
10    2f 

6    1| 

2  11J 

2  m 

2* 

12 
9 
11 
11 
12 
9 

1^08 
•54 
•375 
•345 
•11 
•115 

inches. 

•1059 

•0893 

•0613 

•0631 

•03896 

•0397 

indien. 

•1040 

•0886 

•0610 

•0628 

•03884 

•0396 

The  amonnt  of  clearanco  to  be  left  in  the  mould  is  muoh  larger 
in  hand-made  green-sand  moulds,  and  also  with  large  and  heavy 
patterns,  or  those  which  are  difficult  to  draw,  than  in  machine- 
made  moulds,  where  the  difference  in  size  between  the  pattern  and 
the  casting  need  be  little  more  than  sufficient  to  make  up  for  the 
contraction  of  the  metal  on  cooling. 

There  being  so  many  elements  of  complication,  it  is  obvious 
that  it  would  be  impossible  to  give  any  absolute  rules  or  formulaa 
sufficiently  simple  for  an  ordinary  skilled  workman  to  easily  under- 
stand and  remember,  in  the  haste  of  every-day  practice,  when 
nearly  every  separate  pattern  that  has  to  be  made  brings  into  play 
different  conditions  requiring  special  arrangements.  It  is  in  the 
quickness  and  correctness  of  judgment,  and  the  knowledge  of  the 
qualities  of  the  various  materials  he  has  to  deal  with,  that  a  good 
pattern  maker  is  valuable,  for  although  much  that  it  is  necessary 
for  him  to  know  can  be,  and  indeed  must  he,  acquired  from  books, 
yet  by  hx  the  most  important  points  of  workmanship,  those  upon 
which  the  success  and  beauty  of  the  castings  depend,  are  only 
mastered  by  long  experience.  As  a  rule,  the  more  varied  the 
experience  the  more  fertile  in  expedients  and  resources  is  the 
pattern  maker,  and  it  is  difficult  to  overrate  the  saving  both  in 
time  and  materials  that  can  be  effected  in  a  foundry,  where  the 
pattern  shop  is  directed  by  a  clever,  conscientious  foreman. 

As  proving  the  necessity  for  experience  in  this  branch,  may  be 
taken  the  frequent  instances  of  highly  finished  drawings  being  sent 
out  of  the  drawing  offices  of  some  of  the  leading  engineers  to  the 
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fooodeis,  when  they  tte  ooBtonipttioiiBly  thrown  «sde  after  a 
hasty  gianoe  as  impractioabte ;  at,  what  is  still  more  frequent, 
some  slight  modi&catioD  in  detiul  is  saggeeted,  which,  without 
interfering  wiUi  the  general  deeigo,  materially  reduces  the  ooet  of 
the  work. 

One  of  the  most  important  points  upon  which  soooess  depends 
is  the  aUowaoce  to  be  made  for  contraction,  the  extent  of  which,  as 
before  mentioned,  varies  with  the  shape,  size,  and  material  of  the 


The  allowanoe  is  nearly  always  made  by  the  workmen  in  the 
dimenEdons  of  length  only,  althoogh  nndoabtedly  a  Bimilar  cootrao- 
tioa  of  the  metal  takes  place,  to  a  somewhat  smaller  extent,  in  the 
other  dimensions  of  the  castuig. 

In  its  majority  of  cases  where  the  casting  is  a  complete  article 
in  iiedl,  perfect  aconiacy  is  not  imperatave.  When,  however,  the 
casting  is  intended  to  be  fixed  together  with  other  portions,  to  form 
an  engine,  for  instance,  it  is  necessary  that  it  should  be  tme  in 
shape  and  dimensions,  and  free  &om  flaws  and  air-holes. 

In  cases  where  many  oastiags  have  to  be  made  from  the  same 
moold,  the  first  casting  shoold  be  carefoUy  examined,  and  any  little 
trrora  can  then  be  rectified  ic  the  mould  before  agun  pouring. 

Tn  dry  sand  or  loam  moulds  this  trimming  can  be  managed  to 
a  uioe^ ;  where  they  are  too  stack,  hj  laying  on  sncoeesiTe  coats  of 
clay  and  Uack  wash ;  and  where  tiiey  are  too  tight,  by  care^y 
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Shrinkage  strains  in  castings  being  a  subject  but  little  under> 
stood,  the  following  original  hints,  due  to  Mr.  Alfred  E.  Watkins, 
upon  the  subject  are  of  interest. 

broken  from  the  rim  of  a  pulley;  that  it  cannot  be  returned  without 
forcing  the  gap  open,  showing  that  the  rim  had  been  put  under  a 
strain,  which  caused  it  to  dose  together  so  soon  as  the  piece  was 
ranoved. 

The  strain  here  exemplified  may  be  explained  in  the  following 
manner : — So  soon  as  the  pulley  is  cast,  the  rim,  which  is  the 
thinnest,  is  cooled  off  by  the  walls  of  the  mould  and  sets  immedi- 
ately. The  arms  cont£dning  more  metal  in  a  mass,  cool  next  and 
set.  The  hub,  containing  the  most  metal  in  a  mass,  cools  last  and 
sets,  but  in  so  doing,  like  all  the  rest  of  the  metal,  has  a  tendency  to 
contract  firom  its  moulded  size.  It  is  now  easy  to  see  that  the 
shrinkage  of  the  hub  will  have  a  tendency  to  separate  itself  from 
the  arms,  or  these  from  the  rim,  hence  the  strain  upon  the  rim  is  of 
such  a  nature  as  to  cause  it  to  close  together,  and  form  a  circle  of  less 
diameter  than  is  natural.  When  the  piece  is  broken  out  the  strain 
relieves  itself  by  drawing  the  rim  tog^er.  To  overcome  as  much 
of  the  evil  of  this  strain  as  possible,  it  is  usual  to  curve  the  arms, 
which,  by  straightening  somewhat  under  the  influence  of  the  strain^ 
renders  them  less  likely  to  be  broken. 

In  the  case  of  locomotive  drivers,  the  above  was  practically 
demonstrated  by  some  of  the  leading  shops,  which  found  themselves 
obliged  to  insert  a  core  between  every  second  or  third  arm  to  secure 
sound  castings. 

If  a  piece  be  broken  from  a  ring  no  perceptible  change  of  form 
will  take  place,  the  piece  can  be  returned  quite  readily,  and  will  be 
found  to  fit ;  this,  however,  does  not  prove  that  there  is  no  strain 
present ;  on  the  contrary,  we  will  show  there  is. 

When  the  ring  is  first  cast,  the  walls  of  the  mould  cool  off  the 
inner  and  outer  circumferences,  immediately  causing  them  to  set, 
the  central  core  of  metal  remaining  yet  hot ;  in  a  few  moments 
more  it  sets,  and  in  shrinking  exerts  two  influences,  one  to  reduce 
its  own  diameter  and  that  of  the  outer  crust  to  which  it  is  attached, 
and  which  has  already  set ;  and  the  other  to  crawl  around  in  the 
direction  of  the  circumference,  whereby,  with  reference  to  the  outer. 
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there  is  a  tendency  to  cloee  together ;  yet  with  tefisrence  to  the 
inoor  crust  there  is  a  tendency  to  open  outward.  Hence,  if  the 
ring  be  pat  in  a  Uthe,  and  the  outer  cmst  remoTed,  the  gap  will  be 
noticed  to  close  in,  increasing  in  this  tendency  as  we  near  the  oentre 
of  the  rii^  with  the  tool.  As  we  progress  towazd  the  inner  cmst 
&om  the  centre  an  opposito  effect  will  be  produced,  and  the  gap 
will  be  noticed  to  open.  In  a  ring  of  27  inches  diameter,  tamed 
till  the  outer  cruat  was  jost  remored,  when  the  piece  was  removed, 
the  ni^  closed  together  ^  of  an  inch  in  4  inebea — two  prick- 
ponch  marks  having  been  made  on  its  edge  4  inches  apart,  spanning 
the  place  where  the  piece  was  to  be  removed,  and  before  any  cutting 
was  doDB. 

Oylindera  are  no  more  than  deep  rings,  and  the  strains  explained 
Tinder  rings  are  also  present  here. 

Ordnance  and  cylinders  ghmnk  on  the  Bodman  plan  will  have 
a  tendmoy  to  spring  open  if  a  piece  he  broken  ont,  for  the  following 
reasons : — By  the  use  of  the  water  core,  the  interior  of  tiie  cylinder 
is  cooled  first  and  set ;  as  the  material  surrounding  this  central  core 
shrinks  it  has  a  tendency  to  crawl  around,  as  ezpluned  undo*  tiie 
head  of  rings,  exerting  a  strain  upon  the  oatside — by  outside  we 
mean  the  pwtion  surrounded  by  the  molten  metal— <tf  the  skin 
about  the  core  barrel,  which  strain  has  a  tevdeacy  to  pull  the  skin 
back,  or  to  mptnre  it ;  this  force  is  increased  as  we  approach  the 
centre  of  the  section,   then  retarded  and  coonteracted  by  the 
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intended    to    withstand  great   internal   force,  on    the  Bodman 
principle. 

Cylinders,  with  heads  cast  in,  whose  thickness  is  greater  than 
that  of  the  body  of  the  cylinder,  will  be  fonnd  to  caliper  less  at  the 
ends  than  at  the  middle,  owing  to  the  heads,  acting  as  the  arms 
in  the  pulley,  exerting  a  strain  inward,  drawing  the  ends  of  the 
cylinder  down  with  them. 

If  the  heads  be  cast  thinner  than  the  body  of  the  cylinder,  the 
cylinder  will  be  found  hollow  in  the  middle,  owing  to  the  heads 
setting  first,  which  act  as  props  or  pillars,  and  hold  out  the  ends 
of  the  cylinder,  while  the  body  being  free  to  contract,  will  shrink  its 
full  allowance. 

In  the  case  of  a  shaft,  or  other  solid  cylinder,  it  will  be  noticed 
that  the  sur&ce  of  the  casting  at  the  ends  will  be  slightly 
depressed.  This  is  occasioned  by  the  surCsuse  of  the  cylinder  being 
cooled  by  the  walls  of  the  mould  first,  and  setting,  while  the  central 
portion  yet  remains  fluid  or  soft.  In  a  few  moments  more  the 
central  portion  cools,  and  in  shrinking  draws  in  the  ends  of  the 
cylinder,  the  outer  crust  acting  as  a  prop  or  stay  to  the  atoms  of 
metal  adjacent  to  it.  If  this  theory  be  correct,  the  depression 
should  take  the  form  of  an  inverted  cone,  owing  to  the  gradual 
checking  of  the  shrinkage  as  it  approaches  the  outer  crust.  In 
practice  this  will  be  found  the  case,  the  obtuseness  of  the  angle 
being  greater  or  less,  according  to  the  nature  of  the  iron  to  shrinL 

The  shrinkage  strains  within  hollow,  spherical  shell  castings  are 
similar  to  those  explained  under  the  head  of  rings,  they  being  no 
more  in  &ct  than  rings  continued  about  a  central  axis.  In  the 
case  of  solid  globular  castings,  the  heart  or  central  point  within  will, 
usually,  be  found  hollow  or  porous,  owing  to  the  following  causes : — 
The  walls  of  the  mould  cooling  off  the  outer  sur&ce,  causes  it  to 
set  immediately ;  the  interior,  cooling  from  the  exterior  inward,  en- 
deavours to  shrink  away  from  the  outer  crust,  which  resists  its  so 
doing ;  hence,  the  interior  is  kept  to  a  greater  diameter  than  is 
natural,  and  there  being  but  so  much  metal  in  the  entire  mass,  the 
atoms  are  drawn  away  &om  the  central  point  toward  all  directions  to 
supply  the  demand  made  by  the  metal  in  shrinking. 

In  the  case  of  flat  round  discs  or  plates  they  will  usually  be 
found  hollow  on  the  top  side,  although  in  some  cases  the  hollow  is 
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on  the  bottom  idde.  Thia  is  owing  to  the  following  causes : — The 
top  and  bottom  &ceB,  togethei  with  the  onteide  edge,  become  set 
fint  thtoo^  contact  witb  the  mould,  leaving  the  centre  yet  soft 
When  the  centre  ahiinbi  a  aerere  strain  is  pnt  on  the  [diite  by  an 
effort  to  rednoe  iia  diameter,  which  the  outer  edge  teosts.  Now,  if 
the  cope  be  Haa,  the  beat  will  radiate  rapidly  in  thai  direotioa, 
causing  the  outer  or  tq>  side  to  aet  first;  the  under  aide,  Betting 
later,  will  drag  the  top  aide  orer  with  it,  oaoaing  it  to  Knmd  up  oa 
top  and  dish  in  the  bothmt  Or  if  the  pattern  be  not  perfectly  tme 
in  STory  direction,  the  strains  first  spoken  of  will  cause  any  carved 
portion  to  become  more  exaggerated.  If  the  pattern  be  perfectly 
true,  cope  and  drag  of  the  same  thickness,  and  both  rammed  evenly, 
there  is  no  reason  why  the  plate  should  not  oome  out  perfectly  tme, 
the  atrains  being  all  self-contained  in  the  same  plane  and  balanced. 
If  the  plate,  however,  have  an  ogee  moulding  projecting  downward 
around  the  edge  it  will  likely  be  depreeaed  on  the  top  surface  when 
oast  This  ia  due  to  all  the  atu^u»s  being  aet  oJike  and  at  the 
same  instant,  excepting  the  metal  within  the  comers,  which,  oon- 
taioing  the  most  metal  in  a  maaa,  will  shrink  last  of  all.  When  this 
does  shrink  its  tendency  is  to  pull  over  the  top  ffide  of  the  moulding 
toward  the  plato,  which  being  soft,  although  aet,  will  be  forced 
downward  at  the  edges,  giving  a  chance  for  the  atnons  within  the 
plato,  as  above  described,  to  aid  in  the  distortion. 

The  straina  are  similar  in  both  round  and  square  bars,  and  are 
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rapidly,  owing  to  the  core  being  of  harder  material,  and  not  so  good 
a  conductor  of  heat ;  when  this  does  oool  it  will  pnll  inward  the 
outer  skin  of  the  casting,  forming  a  slight  cnrve ;  each  side  acting 
for  itseK  will  prodnce  the  same  effects. 

Gutter  or  U-shaped  castings  are  made  thinner  at  the  edges  than 
at  the  middle,  because  the  pattern  has  been  made  with  draught. 
When  castings  of  this  shape  are  taken  firom  the  mould,  they  will  be 
found  rounded  over  in  the  direction  of  their  length,  the  legs  being 
on  the  curved  side.  This  is  explained  by  the  mould  cooling  and 
setting  the  legs  first;  then  when  the  back  or  round  shrinks  it 
pulls  upward  the  two  ends  of  the  casting. 

In  parallel  castings  of  any  length,  having  a  cross-section 
similar  to  a  wedge,  or  similar  to  a  '^  knife  "  in  paper-mill  work,  the 
thick  side  will  invariably  be  found  concave  and  the  thin  edge 
curved.  This  is  due  to  the  same  cause  as  explained  above.  The 
thin  edge  is  set  as  soon  as  cast,  the  thick  edge,  cooling  later, 
shrinks  and  draws  the  ends  of  the  casting  upward,  and  with  them 
the  thin  edge,  which  acts  as  a  pillar  to  resist  further  shrinkage. 

All  ribs  have  a  tendency  to  curve  a  plate  if  they  be  thicker  or  of 
the  same  thickness  as  the  plate,  owing  to  the  fact  that  whatever 
shrinkage  strain  they  possess,  is  below  the  general  plane  of  the 
shrinkage  of  the  plate  itself.  If  the  ribs  be  thinner  than  the  plate 
they  will  cool  first,  and  by  resistmg  the  shrinkage  of  the  bottom  of 
the  plate  cause  it  to  curve  upwards,  or  '^  dish  "  on  top. 

In  conclusion,  Watkins  offers  the  general  laws  r^arding 
shrinkages.  The  most  metal  in  a  mass  always  shrinks  last,  hence, 
if  a  casting  be  composed  of  irregular  thickness  it  will  be  liable  to  be 
broken  by  the  forces  contained  within  itself.  It  is,  therefore^ 
especiaUy  necessary  that  columns  and  castings,  supporting  or  resisir 
ing  great  pressures,  should  be  so  designed  as  to  prevent  this  great 
error.  Mouldings  on  columns  are  often  so  badly  designed  with 
regard  to  this  matter,  that  the  columns  are  excessively  weak  where 
they  should  be  the  strongest  As  a  rule,  mouldings  should  seldom 
be  cast  on  a  column,  but  rather  bolted  on.  Much  of  the  irregularity 
of  flat  castings  and  those  of  irregular  shapes  could  be  remedied  by  a 
proper  attention  to  cooling  the  castings  while  in  the  mould.  To  be 
sure  this  is  done  to  a  certain  extent,  though  few  moulders  know 
why  they  do  so.    They  know  that  by  removing  the  sand  from  a 
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pariionlAr  casting  it  will  straighten  ia  the  shrinking.  This  is  hxA 
the  reernlt  of  experience,  not  of  thought  or  any  attempt  to  know 
why  the^  so  act.  It  is  useful  to  know  also  that  all  ahrinkage 
takes  place  while  the  casting  is  changing  from  a  red  to  a  black 
beat. 

Good  glne  should  be  dear  and  tilanapaient,  and  of  a  light  brown 
colooT,  and  ia  tax  indispensable  material  to  the  pattern  maker. 

Break  the  gloe  into  small  pieces,  and  soak  it  for  twelve  hours 
in  as  mnch  water  as  will  cover  it,  then  melt  it  in  a  glae-pot,  a 
doable  Teesel ;  the  outer  vessel,  which  contains  Eomple  water,  is  used, 
so  that  the  temperature  to  which  the  glne  in  eolation  is  exposed 
cannot  exceed  that  of  boiling  water.  Let  it  simmer  gently  fiton 
one  to  two  honrs ;  when  prepared  it  should  be  kept  covered.  The 
atrffiigth  of  a  well-made  glue-joint  frequently  exceeds  that  of  the 
solid  wood ;  mahogany  and  deal  are  conndered  the  best  woods  to 
hold  with  glne.  Glue  applied  to  the  end  grain  of  wood  most 
be  used  much  more  freely  tban  if  appUed  in  the  length  of  the  grun, 
as  the  wood  absorbs  a  connderable  quantity  by  capillary  attracticHi. 
End-grain  glne^joints  never  hold  so  firmly  as  when  the  jcant  is  in 
the  length  of  the  fibres. 

In  making  long  joints,  the  parte  to  be  held  in  contact  mnst  be 
planed  very  true ;  the  glne  is  then  applied,  the  two  pieces  held 
firmly  bother,  and  as  much  (^  the  glne  forced  from  batwe^i  them 
aspoBEoUe. 


PATTERN-MAKING   TOOLS.  159 

heat  in  that  direction.  The  central  pot  will  hold  one  gallon,  and 
each  of  the  end  ones  one-third  gallon.  A  zinc  water-bucket  is 
also  provided.  The  pressure  these  ovens  can  stand  is  60  lbs.  to  an 
inch  without  leakage,  but  the  steam  chamber  is  tested  considerably 
beyond  this.  A  great  number  of  these  ovens  are  in  use,  having 
mostly  taken  the  place  of  the  old  forms,  which  caused  damage  by 
leaking. 

In  well-fitted  pattern  shops,  as  we  have  remarked,  a  special  set 
of  machine  tools  may  be  employed  with  advantage,  and  such  a  set 
as  made  by  John  Eichards  and  Co.,  of  Manchester,  is  shown  on 
Plate  XXVI. 

A  small  face  lathe  is  represented  in  Fig.  3,  and  is  a  very  com- 
plete and  useful  machine,  taking  the  place  of  a  double  head  lathe  in 
a  large  proportion  of  the  turning  incicJental  to  a  pattern  shop.  The 
expense  of  this  machine  is  not  nearly  so  great,  it  occupies  but  very 
little  space,  and  is  more  efficient  in  every  way  for  any  kind  of  face 
work  of  16  inches  or  less  in  diameter.  In  working  this  lathe  the 
operator  stands  directly  in  front  of  it,  and  not  at  the  side,  as  in 
other  lathes ;  this  makes  it  doubly  convenient  for  him,  especially 
where  fBce  work  and  inside  turning  are  concerned.  Where  a  con- 
siderable amount  of  pattern  turning  is  done,  these  lathes  are 
invaluable ;  even  if  a  double  head  lathe  would  perform  all  the  work, 
a  great  saving  of  time  and  labour  is  experienced  by  having  them 
both  in  use,  as  a  single  lathe  is  generally  at  work  when  odds  and 
ends  are  to  be  turned. 

All  lathes  are  provided  with  overhead  shaft,  rest  stands,  and 
other  details. 

The  prices  are  exceedingly  low,  and  the  lathes  are  warmly 
praised  in  the  establishments  that  have  them  in  use. 

These  lathes  are  also  suited  for  hand-turning  in  working  metals, 
brass  and  composition  work  especially.  For  this  purpose  they  are 
fitted  with  a  universal  chuck  to  hold  pieces  fix)m  4  to  8  inches 
diameter  as  required. 

Fig.  1.,  Plate  XXVI.,  shows  a  pattern-shop  lathe  made  especially 
for  that  kind  of  work.  At  each  end  of  a  running  spindle  is 
provided  a  fiuse  plate  and  also  a  floor  rest,  the  latter  not  shown  in 
the  figure,  so  that  even  large  pieces  of  work  may  be  turned  on  the 
overhanging  face  plate. 

The  main  framing  is  of  iron,  planod  true  on  the  top,  with 
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gioores  imd  ways  to  reoeire  the  eliding  bead  and  net  Btands.  The 
latter  6x0  qnite  a  new  tbing,  and  made  very  ingenionHly,  bo  that  the 
reet  and  slide  are  both  iastened  by  a  aLogle  screw  in  &ont. 

When  neoeeaary,  these  lathee  are  fitted  with  a  slide  reet,  snch 
reet  being  required  in  taming  parallel  piecee,  and  this  attachment 
is  to  be  recommended. 

The  lathe  shown  in  Fig.  2  is  a  lai^  &ce  htthe,  and  is  adapted 
for  nse  in  all  eetablishmentfl  where  large  circular  patt«rm  are 
required  to  be  made,  anoh  as  gear  fbr  water-wheels,  pulleys,  and 
the  like.  The  lathee  are  made  to  ewing  to  6  feet  diameter  on  the 
inside  of  the  rest,  when  it  is  in  the  same  position  as  in  the  figure, 
bnt  when  swung  back,  it  can  be  made  to  swing  a  much  larger 
diameter.  The  reet  is  on  a  pivot,  which  enables  it  to  be  remoTed 
and  fitted  on  at  a  moment's  notice ;  this  is  nsefol  in  moonting  or 
remoring  pieces  &om  the  lathe,  and  also  enables  the  machine  to  be 
used  in  turning  pieces  of  more  than  6  feet  in  diameter  on  the  back 
and  periphery. 

The  main  firame  is  a  mngle  casting,  and  the  counter-shaft  placed 
inside' ;  the  spindle  is  3^  inches  in  diameter,  and  the  upright  b  of 
biaas ;  the  pulleys  are  made  of  wood,  to  avoid  the  extra  weight 
that  would  be  entailed  by  the  use  of  iron  coiee,  but  the  latter  can  of 
course  be  used  if  prefened.  Every  lathe  of  this  class  is  ptovided 
with  three  face  phites,  one  stand,  and  four  rests.  A  floor  stand 
is  advised  when  laiger  pieoes  than  6  feet  diameter  are  to  be 
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The  shape  of  the  teeth  of  some  wheels  intended  for  delicate  machinery, 
where  accnracy  of  pitch,  and  noiseless  revolntion  are  important, 
is  drawn  with  the  utmost  nicety,  but  it  is  obvions  that  no  skill  on 
the  part  of  the  draughtsman  will  make  a  wheel  work  "  sweetly,''  if 
the  pattern  maker  does  not  strictly  adhere  to  the  epicycloids  or  other 
cnrres  shown  on  the  drawing. 

Besides  lathes,  there  should  be  one  or  two  circular  saws,  a  band- 
saw,  and  a  good  '*  general  joiner  ^^  machine. 


(    ifis    ) 
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Tkb  principal  nmterialB  tiBed  in  tho  Taxious  brwcIieB  of  moulding 
are,  Band  of  various  kinde,  clay,  blackening,  coal-dnst,  and  cow- 

The  material  of  which  the  mould  is  constmcted  must  allow  of 
the  passage  of  air  and  gases  which  are  generated  within  it  at  the 
time  of  pouring,  but  muet  also  be  of  a  sufficiently  compact  nature  to 
resist  the  presanre  of  the  liquid  metal,  and  to  preyent  its  exuding 
through  tho  pores.  It  must  be  capable  of  bearing  the  yery  high 
temperature  at  which  iron  is  poured  without  being  affected  by  it, 
and  it  must  not  be  of  a  nature  likely  to  set  up  any  chemical  action 
with  the  molten  metal.  It  must  bo  easy  to  part  from  the  casting, 
and  moat  give  a  clean,  smooth  surface  to  it. 

Sand  is  superior  to  all  other  suhstanccB  as  a  matfirial  for 
forming  moulds  generally.  For,  in  the  first  place,  tho  hot  iron  has 
no  chemical  action  opon  it,  though,  certainly,  it  acts  upon  tho 
matters  which  it  is  found  necessary  to  associate  with  it,  namely, 
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difficnit  it  becomes  to  comply  with  the  necessary  conditions  in  the 
sand.  Cast  iron  is  poured  at  a  higher  temperature  than  most  other 
metals  which  are  cast,  except  steely  the  monlds  for  which  are 
prepared  in  a  special  manner. 

Confining  our  attention  at  present  to  sand  for  nse  in  moulds  for 
cast  iron,  it  consists  principally  of  silica,  magnesia,  alumina, 
metallic  oxides,  and  lime,  and  upon  the  varied  proportions  of  these, 
with  occasional  admixtures  of  other  substances,  the  quality  of  the 
sand  depends. 

A  large  proportion  of  silica  gives  a  refractory  sand,  but  beyond 
a  certain  percentage  the  cohesion  is  so  much  lessened  that  it  is 
difficult  to  form  the  sand  into  a  compact  mould,  it  cracks  in  drying, 
and  is  not  therefore  impervious  to  the  liquid  metal. 

The  magnesia  and  alumina  are  useful,  as  they  render  the  sand 
plastic  and  cohesive. 

Magnesia  is  very  refractory,  and  cements  the  sand  very 
thoroughly,  so  much  so,  indeed,  that  if  it  exists  in  too  large 
a  quantity  the  porous  nature  of  the  mould  will  be  lost,  a  result 
most  carefully  to  be  avoided. 

Alumina,  from  its  tendency  to  vitrify  at  high  temperatures, 
is  also  to  be  avoided  in  large  proportions. 

Metallic  oxides  impair  the  refractory  quahty  of  the  sand,  more 
than  4  per  cent,  should  therefore  cause  a  sand  to  be  rejected  which 
contains  ii  Lime,  if  it  exists  even  to  the  extent  of  1  per  cent., 
is  equally  objectionable. 

Consequently  the  principal  element  of  a  good  sand  should  be 
silica,  with  a  little  magnesia  or  alumina. 

Sheffield  ganister,  which  is  used  for  lining  the  Bessemer 
converters,  contains  about  85  per  cent,  of  silica,  the  remaining  con- 
stituents being  magnesia  and  alumma  in  nearly  equal  parte. 

Sands  for  stove-dried  moulds  have  generally  more  alumina  and 
oxides  in  their  composition. 

The  best  moulding  sands  to  be  found  in  England  occur  in  the 
coal-measures,  and  in  the  new  red  sandstone ;  but  veiry  fair  mould- 
ing sands  are  to  be  found  in  the  greensand,  chalks,  and  also  above 
these. 

The  sand  of  the  London  basin  is  also  among  the  finest  in  the 
country.    It  is  universally  employed  in  the  manutacture  of  fine 
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goods,  as  giat«e,  fenders,  and  the  like.  The  sand  in  the  ceighbonr- 
bood  of  Falkirk  is  coarser  and  more  open  in  the  poree,  which  tmfits 
it  for  snch  work.  It  is  employed  tot  casting  hollow  ware — pots  and 
kettles,  for  example — as  the  enclosed  air  escapes  freely  through  the 
inside  body  of  the  sand  in  the  moolding  of  snch  articles.  It  affords 
a  beantifol  smooth  skin  to  the  csstingB  from  Scotch  iron,  bo  remark- 
able in  the  hollow  goods  of  the  Garron  Iron  Works  in  Stirlingshire, 
and  the  Phoenix  Iron  Works  at  Glasgow.  The  Bel&st  sand  is  finer 
than  that  irom  Falkirk,  and  is  used  principally  for  fine  machinery 
caatingB.  It  is  also  sometimes  nsed  for  iacing  the  monlds  of  orna- 
mental work,  to  give  a  fine  surface.  It  is,  besidee,.  excellent  for 
hollow  moulding,  when  it  is  fixed  with  the  Falkirk  sand ;  but  it  is 
too  expensive  for  goieral  adoption  in  that  way.  It  is  a  mixtnre  of 
a  very  fine  adhesive  sand,  and  (me  of  a  more  open  kind.  Derbyshire, 
Shropshire,  Lancashire,  and  Cheshire  produce  excellent  sands. 

One  great  deeiderstum  is,  that  these  sands  should  not  be  liable 
to  what  is  called  "  burning  "  in  use,  when  they  will  only  do  duty 
once  with  any  safety.  This  defect  arises  &om  the  crystals  in  the 
sand  not  being  sufficiently  re&aotory  to  stand  a  high  temperature, 
owing  to  which  they  break  up  into  fine  dust,  which,  if  wetted  and 
used  again,  will  set  in  a  close  and  compact  mass,  and  spoil  the 


As  sand  &om  the  new  red  sandstone  possesses  the  quality  of 
durabihty,  it  is  generally  preferred ;  that  which  has  not  been  long 
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mouldings  at  both  ends^  as  it  contains  a  proportion  of  day  in  its 
composition,  which  gives  it  cohesion.  But  it  requires  to  be  moder- 
ated with  free  sand,  to  make  it  more  open  for  the  better  escape  of  the 
air  in  its  pores,  when  used  for  cores  of  considerable  length,  which, 
of  conrse,  are  snrronnded  on  all  sides  by  the  iron,  except  at  the 
small  portions  of  the  extremities,  by  which  alone  the  air  can  find 
exit.  Free  sand  is  also  used  alone  for  such  cores,  but  it  wants 
adhesiveness ;  it  requires  to  be  tempered  with  clay-water,  barm,  or 
the  refuse  of  peasemeaL  In  the  use  of  the  last^  accuracy  is 
required  in  proportioning  it.  The  first  is  used  in  ordinary  cases, 
and  the  barm  only  in  very  particular  cases. 

Parting  sand  should  be  of  a  lighter  colour  than  the  moulding 
sand,  and  should  be  clean,  fine  grained,  and  of  uniform  texture,  free 
from  salt  and  chalky  matters.  Bed  brick-dust,  fresh  free  sand,  or 
blast-frimace  cinder,  finely  pounded,  may  be  used.  In  any  case,  the 
substance  used  must  be  one  which  does  not  retain  moisture.  Green- 
sand  moulds  are  faced  with  oak-charcoal  dust  ground  to  an 
impalpable  powder.  Dry  sand  or  loam  moulds  are  fisu^ed  with  wood- 
charcoal  dust  ground  to  powder,  or  with  a  blackwash  consisting  of 
coal-dust  mixed  with  water. 

In  County  Down,  Ireland,  they  obtain  red  sands  from  the  new 
red  sandstone.  Good  sands  are  also  found  in  Lanarkshire  in  Scot- 
land. In  France  the  sands  are  obtained  from  the  tertiary 
formations.  While  in  Germany  they  use  different  kinds,  but 
principally  red  sands  from  the  new  red  sandstone.  For  facing- 
Band,  they  mix  fine-grained  quartz  sand  with  ground-up  old  steel 
crucibles,  moistened  with  a  little  day-wasL  The  whole  is  ground 
and  mixed  with  anthracite  coal-dust !  For  moulds  for  cast  steel,  it 
is  necessary  to  make  a  special  facing  from  infusible  quartz  sand 
and  day. 

In  selecting  sand  it  is  necessary  to  avoid  that  which  contains 
crystals  of  gypsum;  if  it  contains  salt  it  must  be  thoroughly 
washed  before  use. 

Felspar,  chalk,  iron  pyrites,  and  coal  must  also  be  carefully 
avoided. 

Moulding  sand  is  always  mixed  damp,  with  a  proportion  of  coal 
or  charcoal  dust;  ground  bituminous,  or  rich,  hard  splint-coal, 
being  preferred.    Where  wood  fires  are  employed,  the  soot  from 
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ibeai  flnos  is  occaeion&IIy  employed  for  this  pnipoae,  but  tUs,  of 
oouise,  scarcely  ever  occnia  in  EngLuid. 

The  proportion  of  carbonaceons  matter  to  the  sand  varies,  and 
depends  portly  npon  the  quality  of  the  sand  itself,  and  portly  npon 
the  uses  to  trhicb  it  is  to  be  applied.  One  part  cool  to  10  of  aand, 
and  1  part  ooal  to  15  sand,  are  abont  the  mfttimnm  and  miaimtun 
proportiomi  tot  the  sand  floor  of  the  moulding  shop.  In  boing- 
eands,  the  variatioDB  ninge  over  a  large  field ;  &om  1  in  10  to  1  in 
20  may  be  considered  the  TnATimnm  and  minimatn  proportions. 

Every  time  the  sand  is  employed,  that  portion  of  the  ooal-doti 
in  it  which  is  oontignons  to  the  casting  nndergoes  a  chemical 
change,  which  ia  called  "bnmt,"  by  the  moiilder,  consequently 
fireqnent  additions  of  &eah  coal-dnst  to  the  sand  are  neceasary.  For 
this  purpose  the  sand  should  be  damped,  and  dag  over,  and  allowed 
to  get  cool,  and  then  the  new  coal-dost  mugt  be  well  mixed  in 
with  it 

It  is  useful  to  know  that  a  calne  foot  of  coal-duat,  moderately 
dry  and  ready  for  use,  weighs  abont  72  lbs. 

The  use  of  the  ooal-dnst  is  to  supply  a  binding  but  porous 
materia],  which  shall  be  of  service  when  the  sand  and  clay  of  the 
mould  shall  have  been  int^tsety  heated  and  perfectly  desiccated  by 
the  flowing  metal.  Many  oUier  snbstanoes  have  been  joiopoeed 
and  tried,  but  no  one  of  them  has  proved  superior  to  coal-dust 

Blackening  and  coal-dust  are  employed  to  resist  the  penetrating 
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inflammability.  All  combnstible  solid  substances  peculiarly  resist 
liquid  iron,  as  may  be  exemplified  by  pouring  it  over  a  smooth 
snrfjBtce  of  wood.  It  rolls  about  as  lively  as  mercury,  on  account  of 
the  continued  effusions  of  gaseous  matter  by  the  combustion  of  the 
wood  heaving  up  the  iron  from  the  sur&ce.  Now,  in  cases  of 
heavy  castings  in  green  sand,  as  the  action  of  the  metal  becomes 
too  powerful  for  the  blackening,  this  is  assisted  by  coal-dust,  which 
is  mixed  uniformly  with  the  sand  in  the  proportions  already  given. 

Oak  charcoal  being  expensive,  many  attempts  have  been  made 
to  substitute  other  materials  for  blackening ;  none  of  these  have 
been  v^  much  employed  except  carbonized  peat.  A  method 
of  treating  peat  for  this  purpose  was  described  by  Mr.  C.  E.  Hall 
in  a  paper  read  before  the  Society  of  Engineers  in  1876,  and  it  was 
then  stated  that  peat  blackening  had  been  used  for  light  and  heavy 
castings  and  cores,  with  marked  success. 

Both  charcoal  and  coal  dust  are  rather  dangerous  materials  to 
keep  in  store,  especiaUy  the  fomer,  which  ignites  mth  great 
SeMsihty  in  dry  weather.  It  is,  therefore,  exceedmgly  advisable  to 
keep  these  combustible  materials  in  a  brick  or  stone  vault,  away 
from  any  danger  of  an  accidental  spark,  or  the  dropping  of  ash  by 
a  careless  man  smoking  a  pipe. 

In  large  castings,  the  blackwash  on  the  face  of  the  mould  should 
be  proportionately  thicker  than  for  small  ones,  to  allow  for  the 
longer  continuance  of  high  temperature  to  which  it  is  exposed,  but 
even  this  precaution  will  be  of  little  avail  if  the  moulding  sand  is 
not  of  a  very  refractory  nature. 

For  castings,  where  the  temperature  of  the  metal  is  likely  to 
exceed  that  of  melted  cast  iron,  it  is  advisable  to  make  a  special 
feeing  of  quartz  and  refractory  fire-clay.  An  infusible  facing-sand 
is  made  of  the  silicious  ganister  and  fire-clay  wash ;  dry  and  screen, 
then  add  coal-dust  or  ground  charcoal. 

After  sand,  loam  is  the  founder's  great  material.  As  with  fire- 
clays, a  chemical  analysis  of  all  loams  and  clays  should  be  obtained 
before  any  large  purchases  of  these  materials  are  made.  An  experi- 
enced moulder  will  generally  be  able  to  form  a  pretty  correct  judg- 
ment as  to  the  qualities  of  these  articles,  testing  them  by  observing 
their  plasticity  or  capacity  for  taking  and  retaining  impressions. 

The  clay  genendly  used  is  either  calcareous  or  ferruginous; 
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wbffli  it  oot^aiuB  n  oonsideiable  pioportioQ  of  Band,  the  mixtoFe  is 
called  loam.  At  a  red  heat  these  flnbatancee  part  with  tbor 
combined  water ;  moat  of  the  chalky  dajs  fose  at  the  meltai^  point 
of  cast  iron,  or  become  Titrified. 

The  fermginotiB  clays,  or  Huch  as  contain  alomina  andBilica,are 
more  refractory.  Pyrike  and  limestone  are  objectionable  in  clay  or 
loam,  and  flinty  pebbles  shonld  also  be  remored  before  the  clay  is 
ground  in  the  mill, 

The  clay  should  not  be  aDowed  to  get  hard  and  dry  in  the  store 
or  stack,  as  it  is  mnch  more  diffionlt  to  get  it  to  a  proper  ooa- 
sistoicy  afterwards.  Lime  and  alkalies  are  to  be  avoided,  and  any 
clay  containing  more  than  aboat  5  per  cent,  of  carbonate  of  lime 
ehoold  be  rejected. 

Clays  which  do  not  contain  any  sand  reqniie  to  have  some 
ground  in  and  mixed  with  them ;  and  nearly  every  clay  reqoiree  a 
certain  proportion  of  sand  to  be  added  to  it  when  gronnd  np. 

For  giving  the  necessary  porosity  te  loam,  a  number  of  snb- 
staocee  are  added  to  it.  Amongst  them  may  be  mentioned 
powdered  coal  and  coke,  horse^nng,  etnw,  chaff,  plasterers'  hair, 
loan,  and  chopped  tow ,  the  material  employed  must  not  be  cut  or 
ground  np  too  fine,  or  it  will  lose  aome  of  its  landing  power,  and  it 
must  be  oniformly  mixed  thronghont  the  mas  of  tlie  loam.  These 
Bobstanoes  are  only  added  to  that  part  of  the  loam  intended  to  be 
used  for  the  body  of  the  tnoold,  and  not  to  tiie  loam  whioh  is  used 
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there  are  scrapers  fixed  inside  the  pan,  which  turn  the  contents  over 
and  oyer,  and  direct  them  towards  the  roller& 

In  some  places  separate  milk  are  nsed  for  mixing  after  the 
grinding  of  the  materials  has  been  performed  separately.  The 
vertical  rollers  are  then  replaced  by  discs  having  a  number  of  arms 
projecting  from  their  side  surfaces,  so  that  as  they  revolye  these 
arms  turn  the  ingredients  over  and  over  in  the  pan,  and  thoroughly 
mingle  them. 

A  greater  portion  of  the  mixing  of  the  sands,  &c.,  used  for  fine 
work  is  done  by  hand,  and  this  is  especially  the  case  with  £Eunng- 
sands,  which  a  careful  moulder  superintends  himself. 

Loam  is  usually  wetted  with  cold  water  when  in  the  mill,  but 
in  the  winter  it  is  found  advantageous  to  use  warm  water  for  this 
purpose,  or  to  blow  waste  steam  over  it  from  a  jet-pipe,  as  it  not 
only  fitcilitates  the  grinding  and  mixing,  but  considerably  assists  the 
moulder  in  his  work ;  as  he  mud  handle  the  loam,  if  it  is  mixed 
with  water  only  just  above  freezing  point,  his  hands  get  so 
benumbed  as  to  seriously  hinder  his  operations,  besides  causing  him 
unnecessary  pain  and  inconvenience.  Of  course  by  the  time  the 
loam  is  delivered  into  the  moulding  shop,  it  will  have  lost  a  con- 
siderable portion  of  its  heat,  yet  it  can  be  readily  delivered  at  a 
temperature  of  between  60^  and  70°  Fahr.,  beyond  which  it  is  not 
necessary  or  advisable  to  go,  as  at  much  higher  temperatures  the 
loam  loses  some  of  its  cohesiveness. 

If  the  loam  has  to  be  left  in  the  open  all  night  during  frosty 
weather,  it  should  be  covered  with  coarse  matting  or  bagging  to 
prevent  its  freezing,  which,  however,  it  is  much  less  liable  to  do  if 
it  has  been  mixed  with  warm  water. 

In  cases  where  a  foundry  possesses  its  own  clay-pit,  the  clay  is 
frequently ''  weathered  "  by  being  cut  up  and  exposed  to  the  action 
of  ihe  winter's  frost,  until  it  is  required  to  be  ground  and  mixed, 
this  somewhat  facilitates  the  latter  operations. 

Where  unbaked  clay-bricks  are  required  for  loam  moulding, 
dies  may  be  prepared  of  various  sizes  and  forms  likely  to  be  useful, 
as  a  stock  of  these  bricks  saves  the  moulder's  time  in  cutting  and  ' 
trimming  his  moulds. 

The  power  of  conducting  heat  is  considerably  less  in  red-hot 
iron  than  in  copper  and  brass,  and  therefore  the  moulds  for  the 
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latter  requite  to  be  in  a  driet  condition  than  those  which  may  be 
used  for  iron.  IronfoanderB*  monldB  are  therefore  more  moist,  and 
the  Band  they  use  a  coarser  and  more  porous  than  that  of  the 
Imassfbimder. 

Moulds  made  of  metal  are  &eqiiently  employed  for  casting  tin, 
lead,  pewter,  sdno,  and  typee.  Brass  or  bronze  moulds  are 
generally  preferred  for  soch  pnrpoeee  to  iron  moulds,  as  they  do 
Dot  corrode,  and  retiun  a  better  polish.  Soch  moulds  are  oon- 
stractod  on  the  same  principle  as  sand  moulds.  If  a  metal  mould 
ia  divided  into  several  parts,  each  part  should  be  provided  frith  a 
long  handle  to  protect  the  bands  bcaa  the  heat  of  the  mould.  All 
the  parts  mast  be  accoiately  fitted  ioge&st,  and  kept  in  position  by 
means  of  lags  and  pins,  or  by  wedgea 

Gently  beat  the  mould  before  pooring  metal  into  it;  this 
is  especially  necessary  irhen  casting  metals  having  a  low  melting 
point,  as  they  have  not  mnch  heat  to  part  with  between  the 
melting  point  and  the  temperature  of  solidification. 

Polish  the  monld  after  each  cast,  and  mh  over  with  a  rag  and 
oil  or  tallow  bo  as  to  slightly  grease  the  &ce  of  the  mould.  8am&- 
timee  a  film  of  sandarach,  beaten  np  witli  the  white  of  e^,  is 
applied,  particolarly  for  alloys. 

For  single  metals  oil  or  fiit  is  preferable. 

Some  few  objects  are  cast  in  open  monld,  so  that  the  upper 
snrEace  of  the  fluid  metal  assumes  the  horizontal  position  the  same 
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Such  a  core-iron  is  a  little  tapered,  to  admit  of  its  being  freed  from 
the  casting  by  a  smart  blow  of  the  hammer. 

The  casting  must  not  be  allowed  to  cool  down  entirely  before 
the  core  is  removed.  It  is  generally  removed  when  the  casting  is 
hot,  but  so  fiEu:  cooled  as  to  resist  the  drawing  out  of  the  core-iron. 

Many  of  the  difficulties  met  with  in  casting  would  be  got  rid  of 
if  it  was  possible  to  prevent  the  formation  of  gas  within  the  mould 
whilst  pouring  and  afterwards.  To  a  certain  extent  the  Americans 
appear  to  have  done  this.  Mr.  Babbitt  uses  old  fire-bricks,  which, 
after  say  ten  years'  service,  have  not  changed  colour;  any  fire- 
bricks at  all  discoloured  he  rejects. 

He  grinds  these  to  powder,  and  uses  pipeclay  as  the  binding 
material.  He  thus  gets  a  pure  refractory  material,  of  which  he 
makes  his  mould ;  this  is  heated  to  a  red  heat,  and  then  receives 
the  metal  whilst  red  hot.  It  is  said  that  no  gas  is  generated  by 
this  process. 

Another  American  founder  imports  kaolin,  china  clay,  bom 
Devonshire,  and  treats  it  in  a  similar  manner  to  that  above 
described. 

In  processes  of  green-sand  and  dry-sand  moulding,  boxes  or 
flasks  are  always  employed,  the  purpose  of  which  is  to  contain  the 
sand  in  which  the  pattern  is  moulded.  These  boxes  are,  for  con- 
venience, of  various  sizes.  If  there  be  a  great  or  constant  demand 
for  castings  of  one  form,  boxes  are  made  expressly  for  them, 
corresponding  in  form.  By  this  plan  a  saving  of  labour  is  effected, 
as  the  ramming  up  of  useless  comers  is  avoided.  For  general 
purposes  boxes  are  made  rectangular,  and  in  two  halves,  as  shown 
in  Figs.  5  to  8,  Plate  XXVIL  These  boxes  have  neither  top  nor 
bottom,  but  each  half  box,  or,  more  correctly,  each  box  is  composed 
of  an  outside  rectangular  frame,  a  h,  which  is  generally  3,  4,  or  5 
inches  deep,  for  the  hghter  flat  moulding.  They  have  transverse  ribs 
joining  the  opposite  sides  at  equal  distances  of  4^  inches  between 
them.  The  object  of  their  being  open  on  the  upper  and  under  sides 
is  to  allow  the  appUcation  of  tools  for  ranmiing  the  sand  in  the 
box ;  the  ribs  being  at  the  same  time  sufficient  as  holding  surfisu^eB 
for  the  sand,  which  is  formed  into  a  close  and  adhesive  mass  by  the 
ramming,  and,  in  a  manner,  dovetailed  into  the  ribs.  The  rougher, 
therefore,  these  boxes  can  be  made  the  better ;  they  hold  the  sand 
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more  effectually,  and  Bcooidingly,  in  castdng  the  boxes  thomaelTee, 
the  patterns  for  them  are  simply  laid  in  the  sand  on  the  ground, 
and  after  being  rammed  aio  drawn  out.  There  is  no  blackening 
used  for  the  snr&oes  of  the  moulding,  and  thus  the  iron  enters  the 
pores  of  tiie  sand  and  roaghens. 

As  there  is  no  corering  {<a  the  mould,  it  being  exposed  to  the 
air,  this  mode  of  casting  is  called  open  sand  casting ;  the  exposed 
snr&ce,  however,  is  very  irregalar  and  rough,  bo  that  this  mode  of 
castmg  is  nsed  only  for  moolding  boxes,  where  the  ronghness  is  a 
virtne,  and  for  articlee  of  a  coarse  nature.  Wooden  boxes  or  Saaka 
are  also  iu  nse,  bat  not  oiHniaonly  in  large  works.  In  these  nails 
are  made  to  project  inside  to  increase  the  adhesion  of  the  sand,  and 
the  same  pUn  has  been  applied  to  iron  boxes,  bat  it  is  not  a  good 
one. 

Fig.  8  is  a  longitndinal  view  and  partial  Becticm  of  a  pair  of 
boxes,  in  which  it  is  seen  that  the  ribs  of  the  tipper  box  are  not  so 
deep  as  the  outside  frame.  They  are  generally  an  inch  lees  deep 
to  allow  a  depth  of  sand  over  the  pattern  that  is  imbedded  in  the 
sand  of  the  lower  box.  The  &ame  of  this  box,  called  the  drag-box, 
is  the  same  as  that  of  the  npper,  bnt  the  ribs  are  much  short^  and 
thicker,  as  it  is  not  required  to  be  moved  about  and  inverted  like 
the  nppei  one ;  beeidee,  it  allows  a  mnob  more  available  depth  of 
space  for  the  moulding  of  the  pattern.  As  the  lifting  and  shifting 
of  these  boxes,  when  small,  is  nsnally  managed  by  two  men,  they 
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proper*  vertical  position  in  the  pit,  bnt  also  to  withstand  any 
accidental  shock  or  increased  pressure,  that  might  be  brought  to 
bear  upon  them  in  consequence  of  a  sudden  blow  or  alteration  in 
the  strains,  due  to  some  temporary  disturbance  of  their  equilibrium. 

They  must  also  be  accurately  fitted  at  all  points  of  junction ; 
with  this  object  the  edges  should  be  accurately  planed,  and  attention 
should  also  be  specially  directed  to  the  economy  of  loam  that  has 
to  be  built  up  for  the  cope,  as  the  upper  box  is  often  called,  by 
reducing  the  distance,  as  far  as  possible,  between  the  exterior  of 
the  pattern  and  the  interior  of  the  flask.  The  boxes  or  moxdding 
flasks  are  found  to  accumulate  to  a  very  troublesome  extent  in 
some  foundries  where  miscellaneous  engineering  machines,  tools, 
or  engines  are  the  staple  productions.  These  are  not  only  heavy, 
cumbersome,  and  bulky,  but  often  represent  a  large  amount  of 
capital  lying  idle  in  the  worth  of  mere  metal  alone. 

The  only  reason  for  storing  these  boxes,  instead  of  at  once 
breaking  them  up  and  melting  them  in  the  cupola,  is  that  they 
may  be,  and  frequently  are,  required  for  use  again.  It  is  there* 
fore  obvious  that  such  of  the  boxes  as  are  deemed  worthy  of  pre- 
servation, are  also  worthy  of  being  neatly  stacked,  and  systematically 
roistered,  in  such  a  manner  as  to  be  easy  of  access  and  removal 
whenever  required. 

A  numbered  catalogue  of  the  boxes  in  stock,  with  just  sufficient 
description  for  identification  as  to  size,  weight,  and  purpose  of  each, 
should  be  kept,  and  a  label  marked  with  the  corresponding  number 
should  be  affixed  to  the  box  when  it  is  returned  to  the  yard. 

The  more  precise  the  information  that  is  booked  about  each 
article,  the  less  waste  of  time,  that  is  money,  will  be  incurred 
when  searching  for  it  at  a  fature  period. 

In  stacking  the  boxes,  room  should  be  left  for  the  workmen  to 
pass  down  passages  between  them,  so  as  to  be  able  to  see  the  labels, 
and  easily  remove  the  box  or  boxes  they  are  in  search  of.  The 
yard  should  be  provided  with  light  iron  tramways,  and  trucks, 
running  in  the  most  convenient  directions  to  deliver  the  boxes  to 
the  moulding  shops,  and  in  large  works  an  overhead  gantry  should 
be  provided  for  the  same  purpose.  According  to  the  nature  of  the 
work  in  use  in  the  establidmient  various  matters  of  detail  will 
suggest  themselves  to  an  intelligent  foreman,  and  in  any  case  it  is 
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certain  th&t  to  allow  an  acomnnlation  of  boxes  to  form  in  the 
moulding  shop  or  elsewhere,  witlioat  order  or  method,  involTee  a 
mndi  larger  eventual  expenditure  of  laboor  and  anxiety,  than  to 
have  a  freqnent,  almost  daily,  cleBiance,  stacking,  and  reooiding  of 
the  boxes,  whose  duty  is,  for  the  time  being,  completed. 

Periodically  it  wiU  be  found  advisable  to  examine  the  stock,  and 
to  remove  and  break  np  gnch  of  the  boxes  as  it  may  be  considered 
are  not  likely  to  be  of  any  further  nse. 

'HiB  boxes  should  be  cleaned  before  stacking,  and  should  be 
kept  a  little  from  the  ground,  by  being  rested  apon  a  few  bricks  or 
blocks  of  wood. 

Figs.  1  to  13,  Plate  XX  YIII.,  represent  the  different  kinds  of  tools 
employed  by  flat  moulders  in  the  executioa  of  their  work.  Fig.  6 
is  the  trowel,  the  instrament  in  most  frequent  use  by  moulders. 
There  are  varions  sizes  of  it  used,  &om  one-fourth  to  2  inches 
broad  in  the  blade,  and  3  inches  long  generally.  The  purpose  of 
the  trowel  is  to  dean  away  and  smooth  down  the  snr&ce  of  the 
sand,  to  press  down  and  polish  the  blackening,  repair  injured  parts 
of  the  monlding,  and  so  on.  Fig.  6  is  another  form  of  trowel,  <^  a 
heart  shape.  It  is  partioularly  employed  for  entering  acnte  an^es 
in  a  moulding,  into  which  the  square  trowel  evidently  cannot  go. 
Fig.  8  is  another  form  of  tool  for  managing  hollow  impressions  in 
the  sand.  Fig.  3  is  the  form  of  the  sleeker  and  cleaner.  As  the 
trowel  is  applicable  only  to  open,  plain  surfaces,  this  tool  is  used 
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sand.  Fig.  2  is  the  second  rammer,  for  finishing  the  work  of  the 
first.  It  is  round  in  the  face,  about  3^  inches  diameter,  with  a 
wooden  shank  of  conyenient  length.  Fig.  1  represents  the  pincers 
used  for  laying  hold  of  and  shifting  about  the  castings.  They  have 
no  peculiarity  except  in  haying  their  holding  fEices  round  and  flat. 

Figs.  7  to  13,  Plate  XXVIII.,  represent  the  forms  of  the  cast- 
iron  sleekers  employed  in  the  operations  of  hollow  moulding.  Figs. 
10  and  11  are  of  the  conyex  and  concaye  sleekers  for  corresponding 
surfjEu;es.  Figs.  12  and  13  are  tools  with  double  plane  surfaces  at 
certain  angles  with  each  other.  Of  these  there  are  a  yariety, 
haying  their  planes  at  different  angles,  to  suit  the  yaiious  salient 
and  retreatmg  angles  that  occur  in  mouldings.  Fig.  7  is  a  sleeker 
for  the  impressions  of  beads,  and  Fig.  9  seryes  to  smooth  flat 
surfEtces  generally.  All  these  haye  small  studs  attached  to  them 
which  serye  for  handles. 

Besides  these  tools,  shoyels  are  used  for  working  the  sand,  sieyes 
aild  riddles  for  refining  it,  and  bellows  for  blowing  off  loose  sand 
from  mouldings ;  pots  for  holding  the  parting  sand  and  the  water 
used  in  moulding,  swabs  for  applying  this  water  to  the  mouldings, 
being  simply  tufts  of  tow  brought  to  a  point,  and  separate  linen 
bags  of  peasemeal  and  blackening,  through  the  texture  of  which 
these  materials  are  shaken  on  the  sand.  There  are  also  piercers 
or  prickers,  as  they  are  termed,  being  pieces  of  thick  iron  wire 
sharpened  at  one  end  to  a  point,  for  piercing  the  sand  to  let  off  air. 
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CHAPTER  Xin. 


Tbk  art  of  monlding  may  be  divided  into  two  great  divitdonfl ; 
namely,  green  and  dry  sand  monldii^  and  loam  moulding.  In  the 
fitst  divisioD,  patterns  of  the  articles  wasted  are  oniTerBally  em- 
ployed in  forming  the  mould;  in  the  second  diviaion,  the  ordinary 
patterns  are  diapoised  with,  the  objects  of  this  division  being  heavy 
castings  of  a  regnlar  form;  as  cylindrical  bodies  generally,  and 
other  ciroolar  ware,  SQch  as  angar  pans  and  gas  retorts. 

Idtrge  Bquaie  vessels,  water  tanks,  for  example,  may  also  be 
made  by  a  process  of  loam  moulding.  The  first  division,  again, 
embraces  every  other  rariety  of  article  for  which  there  must  be 
patterns.  Bry-sand  moulding  is  generally  employed  for  the  making 
of  pipes,  oolnmns,  shafts,  and  other  long  bodies  of  cylindrical  form. 
It  is  firmer,  and  better  adapted  to  pnrpoees  of  this  kind  than  green 
sand.  The  material  of  d^  sand  is  the  loam  already  used  in  loam 
monlding,  called  pit  sand,  mixed  in  the  mill  with  an  addition  of 
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the  head  of  loam  or  dry-sand  motdding,  for  instance,  all  the  cast- 
iron  work  of  spinning  and  loom  machinery.  In  fact,  a  kind  of 
subdivision  exists,  known  as  job  moulding,  a  homely  term,  in- 
cluding machinery  generally  and  the  heavier  kind  of  work,  dis- 
tinguishing them  firom  the  ornamental  and  other  lighter  work.  A 
steam-engine  affords  in  the  parts  of  it  examples  of  the  three  kinds 
of  moulding.  The  steam-cylinder  and  air-pump  which  are  round, 
and  the  condenser  which  is  often  square,  are  instances  of  loam 
castings ;  the  fly-wheel,  shaft,  and  the  single  columns  supporting 
the  firaming,  are  examples  of  dry-sand  castings,  and  the  beam, 
if  a  Cornish  engine,  bed-plate,  and  connecting  rod,  if  of  cast  iron, 
are  referable  to  the  heavier  green-sand  casting. 

Take,  for  example,  the  front  of  an  old-£ashioned  register  grate, 
Fig.  1,  Plate  XXIX.,  which  is  a  fiEimiliar  instance  of  light,  flat 
moulding.  Its  construction  is  that  of  two  jambs  joined  at  the  top 
by  a  cross-piece.  On  the  back,  or  inner  surface,  it  is  quite  flat, 
and  is  ordinarily  ornamented  on  the  &ce  with  raised  figures  of 
flowers,  or  the  Uke.  A  box  is  selected  that  will  receive  the 
pattern,  and  have  a  few  inches  to  spare,  that  the  pattern  may  be 
completely  surrounded  with  sand.  The  pattern  is  then  laid  down, 
either  on  the  sur£Eice  of  the  sand,  prepared  in  the  upper  box,  and 
which  is  then  termed  the  false  part,  which  is  lying  inverted  on  the 
ground,  or  on  a  flat  board  of  sufficient  size  to  support  it  in  all 
parts,  as  in  Fig.  2,  Plate  XXIX.  In  either  case  the  pattern  is 
laid  down  on  its  back.  There  is  next  thrown  over  it  a  layer  of  fine 
sand  an  inch  deep,  constituting  the  £Etcing  of  the  moulding.  It  is 
passed  through  a  sieve  to  detain  the  coarser  parts.  Then  upon  the 
board,  or  upper  box,  which  we  shall  caU  A,  the  drag-box  B  is 
placed  in  its  proper  position  in  respect  to  the  pattern. 

It  is  necessary  to  spread  the  £acing  of  sand  before  laying  down 
the  box,  as  its  ribs  prevent  the  equal  distribution  of  sand.  An 
additional  quantity  of  the  common  sand  is  passed  through  a  riddle, 
which  saves  the  small  stones  and  other  refuse  in  the  sand,  and  the 
whole  is  now  rammed  down  by  the  flat  rammer  as  equally  as 
possible.  This  is  facilitated  by  a  considerable  depth  of  sand  having 
been  laid  on,  as  inequalities  in  the  force  of  ramming  are  diminished 
at  the  surface  of  the  pattern.  The  box  is  again  filled  up  with 
sand  and  rammed  all  over  with  the  round-faced  instrument.    When 
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the  Band  is  properly  set  and  sqnaied  flnsh  with  tlie  smface  of  QiB 
box  B,  ibe  whole  is  tnuned  orer,  aToiding  enddeo  shocks  of  any 
kind,  which  tend  to  loosen  the  sand,  and  well  bedded  on  the 
ground  with  the  box  B  imdermoet.  The  box  A,  or  the  board,  as 
it  may  happen  to  be  aaed,  is  lifted  off,  and  the  temporary  bed  of 
sand  in  the  box  A  is  deetroyed.  The  npper  sorfacGB  in  the  box  6, 
and  of  the  pattern  imbedded  in  it,  are  cleaned  and  smoothed  by 
the  trowel,  so  that  the  Btirfaoe  of  the  sand  is  made  finsh  with  that 
of  Qi6  pattern  all  roond,  and  also  meets  the  edges  of  the  box. 
This  forms  the  parting,  or  phioe  of  separation  of  the  sand  in  the 
two  boxes ;  and  that  they  may  afterwards  separate  properly,  dry 
sea-sand  is  freely^  sprinkled  orer  the  porting  surface,  and  has  the 
effect  of  prerentang  the  adhesion' of  the  lower  layer  of  sand  to  that 
which  is  saperimpoeed,  by  entering  and  drying  its  pores.  The  box, 
which,  when  made  up  the  second  time,  is  called  the  cope  A,  is  now 
hud  on  the  other,  gnided  by  the  pins,  and  both  are  bstened 
together  by  the  hooks.  In  bringing  them  together  theix  meeting 
surfaces  ought  to  be  cleared  of  sand  so  as  to  make  them  bear  freely 
and  stoodily.  Prepaiatioiia  ate  now  made  for  the  constroction  of 
the  gates  or  passages  for  the  iron  from  the  external  sni&ce  into 
the  mould.  In  ibe  moulding  of  a  register  grate  front  there  are 
usually  four  gates  ff,<f,  Fig.  1,  Plate  XXX.,  into  which  the  iron 
is  poured  simultaneously.  The  neceedty  for  having  so  many 
(^)enings  for  the  iron  must  be  obvious,  on  considering  thai  iron 
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ihese  comers  the  firmer,  and  to  prevent  crmnbling  on  withdrawing 
the  pattern.     Still  farther  to  &cilitate  this,  as  the  pattern  fits 
closely  in  its  bed,  it  most  be  loosened  before  being  drawn,  which  is 
simply  efiected  by  taking  hold  of  the  pattern  by  a  sharp  point,  if 
of  wood,  or  by  stnds,  which  are  riveted  into  it  when  of  iron,  and 
gently  tapping  them  laterally  and  downwards.    The  pattern  is 
next  drawn  slowly  oat  of  the  sand,  and  it  often  occnrs  that  the 
moulding  is  broken  in  one  or  two  places  in  spite  of  these  pre- 
cautions, and  especially  if  there  be  mach  carved  or  ornamental 
work  on  the  pattern.     The  moalder  has  therefore,  in  the  first 
place,  to  repair  the  damages  by  adjusting  disjointed  parts,  and 
making  up  fractures  by  the  addition  of  sand.    All  the  more  pro- 
minent and  more  exposed  parts  of  the  moulding,  as  the  extremities 
of  the  ornaments,  are  treated  with  a  touch  of  the  swab,  which  must 
be  lightly  appUed  so  as  not  to  spoil  their  sharpness.    This  process, 
indeed,  with  that  of  applying  the  blackening,  now  to  be  described, 
are  the  most  difficult  parts  in  the  art  of  the  fiat  moulder.    The 
blackening  has  now  to  be  applied,  and  it  must  be  by  some  means 
pressed  down  upon  the  mould  at  every  part,  and  made  to  adhere  to 
its  sur£Euse.    To  efiect  this,  peasemeaJ  is  used.    It  is  first  dusted 
thinly  over  the  surface  of  the  mould.    It  rapidly  absorbs  the 
damp  of  the  sur£EU3e  sand,  and  is  converted  into  a  pasty  matter. 
The  blackening  is  next  dusted  over  the  newly  formed  paste,  and 
over  all,  the  pattern  is  placed  in  its  position  and  pressed  down. 
Thus  the  blackening  is  made  as  smooth  as  the  pattern,  and  is  at 
the  same  time  held  well  down  to  the  sand.    Channels  are  now 
scooped  out  of  the  surfiEU^  of  the  sand,  joining  the  gate-holes  to  the 
moulding ;  and  if  the  pattern  be  thin,  each  channel  is  widened  as 
it  joins  the  mould,  to  afiord  a  sufficient  inlet  for  the  iron.    They 
are  slightly  swabbed  round  the  mouth  to  strengthen  the  edges 
against  the  abrasive  action  of  the  iron. 

Having  finished  the  moulding,  and  got  it  in  order  for  the 
reception  of  the  iron,  the  upper  box  is  finally  put  on  the  under  one 
in  its  place,  and  fiuitened  down  upon  it.  All  is  now  ready  for  the 
pouring  of  the  iron.  In  Figs.  1  and  2,  Plate  XXX.,  where  the 
boxes  are  in  this  condition,  the  moulding  is  represented  within, 
and  the  gates  leading  to  it  from  the  surfiace. 

There  are  several  points  in  the  practice  of  green-sand  moulding 
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gBDBoHj,  to  which  great  attention  miut  be  paid.  In  the  pre- 
ceding acoonnt,  we  allnded  to  the  neceesity  of  the  sand  being 
rammed  aa  Tmiformly  aa  poesible.  Now  it  may  be  tammed  too 
closely  together,  bo  as  to  impair  ita  capability  of  conducting  away 
the  confined  air  and  the  gasee  gsnerated  by  the  heat.  There  must 
be  a  degree  of  ramming  applied  proportioned  to  the  heaTinesB  of 
the  casting.  If  the  sand  be  too  cloaely  lammed,  the  corrent  of  iron 
flowing  over  the  moulding  is  agitated  by  the  air  not  being  allowed 
to  pass  freely  off.  In  consequence  it  breaks  np  the  sand,  and 
heaves  it  to  the  snr&ce,  and  it  is  easy  to  see  that  this  prodnces 
excrescences  on  one  side  of  the  casting,  while  corresponding  d^- 
cienoies  exist  from  the  same  cause  on  the  other  side  If,  again,  the 
sand  be  too  loosely  rammed,  the  iron  by  its  weight  presses  it 
outward  off  the  moulding,  which  renders  the  surface  nneren  and 
swells  the  casting.  Moreover,  a  certain  degree  of  humidity  in  the 
sand  is  necessary  for  the  goodness  of  the  casting.  When  the  sand 
is  deficient  in  moisture,  the  iron  is  apt  to  penetrato  its  pores  on  the 
under  sur&oe,  and  so  detach  the  particles  of  sand  there,  producing 
an  effect  aiinilar  to  that  occasioned  by  ovcr-i&mming.  On  the 
contrary,  if  there  be  an  excess  of  dampness  in  the  sand,  the  iron, 
by  the  sadden  formation  of  aqueous  vapour,  is  frequently  repelled 
altogether,  and  ejected  at  the  gate  like  shot.  Should  this  not  take 
place,  though  the  iron  may  make  its  way  through  the  mould,  the 
bubbles  of  vapour  form  cavitiee  in  the  castiag  towards  the  under 
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forms  oorresponding  indents  in  the  casting.  The  skill  of  the  green- 
sand  monlder  consists  in  so  laying  on  the  blackening  as  to  produce 
eqnilibrimn  between  the  antagonistic  forces  of  the  iron  advancing 
and  the  resistance  of  the  gas  prodaced.  After  haying  been  pressed 
down  by  the  pattern,  the  loose  blackening  is  mbbed  off  and  blown 
away.  When  this  is  not  attended  to,  the  blackening  is  raised  in 
layers  from  the  sor&ce  by  the  iron,  and  deposited  in  other  positions, 
giving  the  casting  when  cool  a  rough  clouded  appearance.  In 
forming  the  Buiiauce  of  the  blackening  upon  ornamental  moulding, 
by  pressing  down  the  pattern  upon  it,  care  must  be  taken  to 
have  the  pattern  perfectly  dried  before  being  laid  over  the  black- 
ening; for  if  at  all  damp,  this  will  adhere  to  it,  and  take  the 
peasemeal  with  it,  and  so  destroy  the  moulding.  And  even 
though  it  be  quite  dry  at  first,  yet  it  may,  by  lying  too  long  in  the 
sand,  contract  damp,  and  so  spoil  the  mould.  Swabbing  is  to  be 
avoided  when  not  essentially  necessary,  as  the  formation  of  vapour 
by  the  contact  of  the  iron  with  the  water  is,  as  before  noticed,  apt 
to  agitate  the  current,  and  to  make  the  flow  irregular.  The  object 
of  forming  the  gate  to  one  side  of  the  moulding,  is  to  check  the 
violence  of  the  iron  m  motion,  and  to  introduce  it  with  regularity. 
Were  the  gate  formed  directly  over  the  moulding,  any  delicate 
ornamental  work  would  be  worn  off  by  the  continued  action  of  the 
iron,  though  certainly  it  may  be  so  placed  if  the  moulding  at  that 
part  be  plain.  We  noticed  the  necessity  for  a  number  of  gates  to 
the  motdding.  The  number  of  these  varies  with  the  extent  of  the 
sur£Etce  of  mouldings  in  general,  and  also  according  to  their  thick- 
ness. A  comparatively  deep  moulding  might  be  well  filled  by 
only  one  gate,  whilst  another  of  just  the  same  horizontal  surfiftce, 
but  shallower,  would  require  two  or  more  gates.  In  short,  there 
must  be  as  many  gates  as  are  requisite  to  ensure  the  metal's  having 
thoroughly  filled  the  mould  when  liquid.  The  iron  therefore  should 
be  run  in  as  quickly  as  possible  to  fill  the  mould  completely,  and 
this  is  especially  to  be  attended  to  in  cases  of  lights  flat,  and  hollow 
moulding,  as  in  these  the  extent  of  the  cooling  sur&ce  is  great, 
compared  with  the  depth  or  thickness  of  the  iron. 

Before  dismissing  the  subject  of  light  flat  moulding,  one  other 
elegant  example  may  be  described,  introducing  the  use  of  three 
boxes  for  a  moulding.    The  instance  referred  to  is  the  moulding  of 
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the  cast-iron  bnnhee,  whioh  are  fixed  into  the  naves  of  the  wheels 
of  iraggtHiB  and  other  vehidee,  to  sustain  the  wear  of  the  axle. 

Fig.  2,  Plate  XXXL,  ia  an  ordinary  bnflh  for  cart-wheeU.  Tho 
dotted  linee  show  the  form  of  the  interior,  whioh  is  a  tapered  hole. 
At  the  middle  of  the  length  as  shown,  a  chamber  is  formed  in  the 
bnsh  so  as  to  sorronnd  the  azie — its  object  is  to  contain  the  grease 
for  labrication.  Theee  bnshee  are  always  cast  in  pairs,  and  the 
cores  for  them  are  cast-iron  pins,  having  the  form  of  the  axles  for 
which  they  are  intended.  These  pins,  which  serve  for  many  sao- 
ceasive  castings,  are  turned  and  polished  in  the  lathe,  for  the 
pnrpose  of  commnnicating  a  smooth  snr&ce  to  the  interior  ti 
the  bnshes,  by  which  &e  expense  is  avoided  of  bcmng  them  oat, 
which  would  be  necessary  were  sand  corea  em|Joyed. 

The  pattern  of  &e  bosh  is  solid,  and  has,  in  addition,  a  core- 
print  on  each  end  to  steady  the  core.  This  is  shown  by  Fig.  3a, 
Fig.  3b  shows  the  core  extended  at  the  ends  in  correepcoidence 
with  the  printe.  Bound  the  middle  of  its  length  a  thickness  of 
sand  is  wrapped  to  form  the  grease  chunber  in  the  bnsh.  This 
part  is  made  of  sand,  so  as  to  be  separable,  and  thus  allow  the  ooie- 
pin  to  be  driven  out  of  the  bush  when  cast. 

The  box  in  which  the  bushes  are  cast  consists,  aa  already 
mentioned,  of  three  parts.  The  length  of  the  middle  part  is  made 
the  same  as  that  of  the  bushes  between  the  small  end  and  the  tops 
of  the  feathers.     The  parts  are  octagonal  in  plan,  as  represented  in 
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One  of  them  extends  jnst  through  the  box  A,  and  the  other  reaches 
down  to  the  box  0.  A  and  B  are  lifted  together  off  0,  and  turned 
over^  the  patterns  loosened  by  tapping  are  next  drawn  out.  A 
and  B  are  then  separated.  Two  prepared  core-pins  are  next  set  as 
vertically  as  possible  into  the  recesses  left  by  the  prints  in  the  sand 
of  the  lowest  box ;  on  the  sur&ce  of  the  sand,  at  each  end  of  the 
box  B,  channels  are  cut  joining  the  gate-holes,  made  by  the  rammer 
to  the  two  mouldings,  in  such  a  manner  that  the  short  gate  will 
be  connected  with  the  upper  end,  and  the  long  gate  with  the  under 
end  of  the  mouldings.  B  is  lowered  over  the  cores  and  fixed  to  G, 
being  directed  by  long  guide-pins  at  the  side.  A  is  next  replaced, 
guided  also  by  pins  and  fixed  to  B.  It  must  be  placed  with  care, 
as  the  upper  ends  of  the  cores  are  at  the  same  time  entering  the 
recesses  made  by  the  prints,  and  thus  the  cores  are  secured  between 
the  boxes  A  and  0. 

The  moulding  as  thus  finished  is  shown  in  Fig.  6,  which  is 
an  external  view  of  the  whole,  with  the  interior  arrangements  in 
dotted  lines.  Fig.  4  is  a  view  of  the  upper  and  under  ends  of  the 
middle  box,  showing  the  gate  channels.  The  iron  is  poured  into 
the  long  gate,  falling  against  the  bottom  of  it,  the  force  of  the  iron 
is  broken,  and  it  runs  gently  into  the  mouldings,  rising  within 
them  till  they  are  filled,  when  it  passes  into  the  short  flow  gate,  as 
it  is  termed,  from  which  it  issues,  carrying  off  the  refuse  it  may  haye 
gathered  in  its  passage.  Blackening  is  not  appUed  to  these  moulds, 
as  their  roughness  is  of  no  consequence. 

The  gates  for  any  casting,  as  we  have  said,  are  a  matter  lor 
particular  care. 

In  the  language  of  the  shops,  all  the  passages  leading  the  fluid 
metal  into  the  mould  are  called  ''  gates,"  each  of  which,  howeyer, 
has  its  own  peculiar  name,  hence  the  large  opening  into  which  the 
metal  is  first  poured  is  termed  the  pouring  gate.  The  recess 
below,  or  in  connection  with  the  pouring  gate,  for  skimming  the 
iron,  is  termed  a  skimming  gate;  the  little  passages  from  the 
skimming  gate  to  the  mould  are  sprue  gates,  usuaUy  ''sprues" 
only ;  and  those  openings  by  which  the  supply  of  iron  is  kept  up 
after  the  casting  is  poured  are  called  feeding  gates. 

The  form,  size,  number,  and  proper  arrangement  of  either  or  all 
of  these  haye  a  decided  effect  upon  the  soundness  and  cleanness  of 
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the  casting  to  which  they  appertain,  and  shonld  be  uranged  as  to 
mze  and  poaitioa  with  especial  leferenoe  to  the  sizee,  shape,  and 
character  of  the  work  in  hand. 

Host  of  the  following  remarks  on  gates  are  &om  the  pen  of 
B.  E.  Watkins,  wlunn  we  have  before  had  occasion  to  quote.  The 
ponring  gate,  b^ng  the  principal  entrance  for  the  iron,  will  be 
noticed  first.  When  phuung  thie,  it  most  be  so  arranged  as  to 
admit  the  metal  to  all  parts  of  the  mould  at  nearly  the  same  time, 
hence  its  poaition  most  be  oentnl,  or  aa  nearly  central  as  the  nature 
of  the  work  wiU  permit. 

Its  CToea-section  shonld  be  drcnlsr,  for  the  reason  that  this  form 
preeeDts  the  least  refrigerating  surface  for  a  giren  area,  hence  it  ia 
best  to  retain  this  form  thronghont  as  much  of  the  length  as 
poaeible,  whatevw  its  form  at  its  junction  with  the  casting.  There 
are  cases  where  this  form  cannot  be  retained,  especially  in  some 
classes  of  loam  work ;  still  it  should  not  be  deviated  from,  if  at  all 
possible.     Narrow  flat  gates  are  the  worst  of  all  possible  forms. 

The  proper  diameter  for  gates  of  this  class  shonld  bear  a  certain 
ratio  to  the  refrigerating  snr&ce  of  the  mould.  If  they  be  too 
small,  the  casting  will  suffer ;  if  too  large,  nnlees  intended  as 
skimmers,  there  is  a  useless  expenditure  of  iron.  It  is  almost 
impossible  to  lay  down  an  exact  formula  for  this  orifice.  Iron  in  its 
melted  state  will  necessarily  follow  the  laws  goTeming  flnida ;  hence 
the  nsual  formula  for  aseert^umng  the  diameter  of  pipe  for  a  giren 
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skunming  gates  are  employed.  The  forms  of  these  are  yarions,  yet 
when  the  moulder  once  understands  the  principle  of  their  operation, 
his  judgment  will  at  once  enable  him  to  design  any  style  that  would 
be  most  likely  to  meet  his  particular  case.  The  principles  usuaUy 
employed  are  those  of  specific  gravity  and  centrifugal  force. 

To  attain  the  end  by  specific  gravity,  the  pouring  gate  is  made 
of  much  larger  area  than  would  be  necessary  if  it  were  to  bo 
employed  as  a  pouring  gate  only ;  the  orifice  at  the  junction  with 
the  mould  is  not,  however,  increased  above  that  required  for  the 
ordinary  pouring  gate ;  the  metal  having  filled  the  gate,  the  small 
orifice  into  the  mould  throttles  down  the  flood,  allowing  time  for  the 
lighter  material  to  separate  from  the  iron  and  ascend  to  the  surfisuse 
of  the  gate,  where  it  will  be  found  after  the  casting  is  poured. 

The  centrifugal-force  principle  is  employed  by  forming  a 
chamber  between  the  mould  and  pouring  gate,  to  both  of  which  it 
is  connected  by  small  channels  or  ''  sprues."  The  shape  of  this 
chamber  and  arrangement  of  the  sprues  accomplish  the  whole  end. 

In  one  manner  of  employing  this  principle,  the  chamber  or 
skimming  gate  is  formed  by  moulding  a  ball,  equally  in  both  cope 
and  drag ;  the  sprue  from  the  pouring  gate  is  then  led  into  it  at 
tangent  to  the  outer  edge  or  circumference,  the  sprue  to  the  mould  is 
taken  out  radially  from  the  axis ;  it  is  best  to  take  the  sprue  to  the 
mould  out  just  at  the  back  of  the  sprue  from  the  pouring  gate,  that 
the  iron  may  travel  around  as  much  of  the  chamber,  before  it  is 
drawn  off,  as  possible.  It  becomes  at  once  apparent  that  the  metal 
entering  from  the  pouring  gate  is  thrown  violently  against  the 
waUs  of  the  chamber,  which  from  its  shape  imparts  a  rotary  motion 
thereto,  and  the  constant  supply  of  metal  causes  the  iron  to  take 
upon  itself  a  rapid  spinning  motion,  whereby  the  heavier  body  (iron) 
is  thrown  to  the  outside,  where  it  is  drawn  off  by  the  sprue,  and 
the  lighter  body  (dross)  is  forced  to  the  centre,  where  it  revolves 
about  the  central  axis. 

It  is,  of  course,  necessary  that  aU  the  sprues  to  the  mould  be 
taken  out  of  the  drag  side  of  the  flask,  while  those  from  the 
pouring  gate  may  be  either  in  drag  or  cope.  It  is  not  important 
that  only  one  sprue  should  be  led  from  the  chamber  to  the  mould, 
a  number  may  be  employed  if  the  nature  of  the  work  requires  it. 
It  is  essential,  however,  to  have  the  sprues  to  the  mould  of  less  area 
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than  thoee  from  the  poniing  gate,  that  they  may  act  as  a  check 
tipoQ  the  flniil  iron,  and  give  time  for  the  foreign  matter  to 
Beparate. 

Feeding  gates  are  employed  in  large  oastmga  for  the  pnrpoee  of 
supplying  iroD  taken  up  by  the  casting  in  shrinking.  Their  best 
position  is  nndonbtedly  over  some  thin  portion  of  the  casting 
likely  to  be  injured  by  the  shrinkage  strainB,  because  the  hot  iron 
being  supplied  to  that  point  the  longest,  vill  enable  the  strains 
caused  by  the  rest  of  the  maaa  in  cooling  to  adjust  themselTes 
without  injury  to  the  weaker  part. 

More  than  one  feeding  gate  to  a  casting  is  unnecessary,  for  the 
reason  that  for  every  gate  added  the  feed  ia  correspondingly  slow, 
aitd  the  orifice  more  likely  to  clot  np.  To  secure  a  clean  gate  it  is 
necessary  for  the  feed  to  be  more  rapid,  necessitating  the  constant 
supply  (^  fresh  hot  iron.  I^  however,  two  gates  be  empl(^«d,  the 
feed  is  only  half  as  fest  as  with  one,  and  the  opening  will  dull  np 
bi  half  the  tima  If  three  gates  be  used  the  feed  in  each  will 
he  reduced  to  one-third,  and  the  difficulty  of  keepng  the  gates 
opened  will  be  enhanced  three  times,  and  so  on  for  each  additional 
gate,  and  when  the  gates  are  knocked  off  a  blemish,  in  the  form  of 
a  shrinkage  hole,  will  be  found  at  the  root  of  each,  owing  to  the 
chilling  up  of  the  gate  before  all  the  shrinkage  had  been  supplied. 
Tbis  will  not  be  so  when  only  one  gate  is  used,  for  the  reason  that 
the  gate  remains  open  till  the  kat  possible  shrinkage  takes  plaoe. 
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Having  given  two  detailed  examples  of  the  mode  of  moulding 
and  casting  light  and  flat  ware,  illustrating  generally  the  manner  of 
conducting  the  manufacture  of  these  goods,  the  practice  of  hollow 
moulding  &lls  now  to  be  described,  as  that  branch  of  moulding 
naturally  precedes,  in  order  of  description,  the  heavier  species  of 
green-sand  moulding. 

The  distinct  objects  of  hollow  moulding  are  comparatively  few 
in  number  and  small  in  dimensions ;  there  are  moulding  boxes  for 
them,  individually  of  corresponding  shape,  generally  manageable  by 
one  person.  Boxes  in  two,  three,  or  four  parts  are  employed  as 
the  necessities  of  the  case  may  require.  We  shall  select  for  example 
the  moulding  of  a  three-legged  pot.  Fig.  7,  Plate  XXXI.  The  body 
of  it  is  nearly  spherical,  drawn  in  at  the  neck  and  opening  towards 
the  brim.  It  has  two  ears  at  the  neck,  by  which  it  is  moved  about 
when  in  use,  and  three  feet  on  the  bottom.  The  pattern  is  an 
exact  model  of  the  pot,  being  in  two  halves  separating  vertically. 
The  patterns  of  the  feet  and  ears  are  also  loose  on  the  body  of  the 
pattern,  fitting  to  it  by  pins.  To  form  an  original  pattern,  the 
plan  usually  adopted  is  that  of  moulding  in  loam,  which  will  be 
understood  when  we  come  to  describe  this  branch  of  the  art.  In 
the  mean  time  it  is  sufficient  to  state  that  the  rough  cast  pattern  is 
chucked  in  the  turning  lathe,  and  turned  within  and  without  to  the 
required  form  and  thickness;  in  doing  which  it  is  £Eusilitated  by 
boring  four  longitudinal  rows  of  small  holes  through  the  pattern  at 
equal  distances  round  it,  by  which  its  thickness  at  any  part  may  be 
always  ascertained.  Having  been  smoothed  and  polished,  the 
pattern  is  taken  from  the  chuck,  and  cut  in  two  equal  halves,  in 
which  holes  are  bored  in  the  proper  positions  for  receiving  the  pins 
of  the  ears  and  feet.  The  pattern  is  moulded  in  a  box,  consisting 
of  four  parts  named  the  top,  marked  A  in  Fig.  9,  the  two  cheeks, 
B  0,  and  the  bottom  D.  The  divisions  into  parts  is  the  same  as 
that  of  the  moulding  box  for  axle  bushes  last  described,  supposing 
the  middle  part  divided  vertically  in  two,  corresponding  with  the 
cheeks  B  G.  The  pattern  being  moulded  in  an  inverted  position, 
the  top  A  is  made  to  enclose  the  bottom  of  the  pot,  as  £Eur  up  as 
its  largest  diameters ;  the  cheeks  B  and  C  enclose  the  remaining 
portion  of  the  pot,  and  the  bottom  D  serves  to  close  up  the  mouth 
of  it. 


188  Tomnnsa  ixj>  cisnua. 

The  two  cheeks  are  first  laid  down  od  a  level  boud  and  linked 
togetlier;  the  pattern  is  then  laid  down  on  its  brim  within  the 
cheeks,  being  raised  off  the  boaid  by  a  slip  of  wood,  of  which  the 
ihiokneea  is  adapted  to  bring  the  largest  diameter  of  the  pot  to 
the  level  of  the  npper  edges  of  the  cheeks.  The  patterns  of  the 
ears  are  attached,  uid  sand  is  rammed  in  rotmd  the  pattern  flash 
with  the  cheeks,  making  the  parting  snr&ce  on  the  centre  of  the 
pot.  The  snr&ce  haying  been  sprinkled  with  parting  sand,  the  tc^ 
A  is  pat  on,  led  into  its  place  1^  guide  pins  and  fiiatened  to  the 
cheeks.  Band  is  again  rammed  in  to  the  level  of  the  month  of  the 
pot,  the  patterns  of  the  feet  and  the  gate  pin  being  set  in  iheax 
places  in  the  coiuBe  of  the  ramming  of  the  sand.  Fig.  8  shows 
the  position  of  tilings  as  now  described.  The  whole  is  next  in- 
verted, and  the  board  and  slip  of  wood  removed.  The  enrfiice  of 
sand  roond  the  brim  of  the  pattern  is  smoothly  sloped  off  to  the 
edge  (^  the  box  forming  the  parting  snrface,  and  the  bottom  D  is 
fixed  on.  It  is  also  filled  with  sand.  The  body  or  core  of  sand 
filling  the  interior  of  the  pattern  is  pierced  in  several  places  with  a 
pricker  sent  down  to  the  pattern,  forming  thereby  channels  of 
escape  for  the  air  expelled  by  the  metal  introdoced.  The  whole  is 
finally  invited,  D  lying  uppermost,  and  placed  on  a  fiat  board 
with  a  hole  in  it  to  allow  the  escape  of  the  air.  The  sand  ootside 
the  pattern   is  sometimes   pricked,   tbongh  this   is  bnt  of  little 
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in  some  cases  the  area  of  the  mouth  is  so  small  when  compared 
with  the  largest  diameter,  as  to  render  it  necessary  to  bind  down 
the  core  in  the  mouldings.  For  it  is  yery  evident  that  the  iron 
lying  so  far  in  below  the  core,  it  tends  by  upward  pressure  to  lift 
the  core  off  from  its  base.  Such  a  result  would,  of  course,  spoil  the 
casting.  This  binding  is  requisite  in  kettle  mouldings  in  particular. 
It  is  simply  effected  by  burying  an  iron  rod  in  the  core,  having 
on  it  a  cross  at  the  end  to  give  it  a  hold  of  the  sand,  the  outer 
end  being  locked  to  a  transverse  piece  which  bears  on  the  edges  of 
the  box. 

The  metal  requires  to  be  at  a  high  temperature  for  hollow 
moulding ;  for  so  quickly  does  it  cool  that  the  brim  of  a  moderate* 
size  pot  sets  even  before  the  mould  is  filled.  While  yet  red  hot  the 
casting  is  taken  out  of  the  sand,  and  the  gate  piece  knocked  off. 
This  must  be  done  at  a  certain  stage  of  the  cooling,  as  when  too 
soon  done  the  gate  does  not  break  clearly  off,  and  when  delayed  too 
long,  it  often  carries  off  a  piece  of  the  bottom  of  the  pot  with  it. 
With  a  view  to  provide  against  this,  the  pot  is  made  considerably 
thicker  at  the  centre  of  the  bottom.  Flat  gates  are  formed  for 
flat-bottomed  ware,  frying-pans  for  example.  They  are  wide  at  the 
mouth  to  receive  the  iron  the  better,  but  taper  like  a  wedge  toward 
the  moulding,  so  as  to  be  easily  separated  from  the  casting.  By 
being  of  considerable  extent,  flat  gates  conduct  the  metal  more 
speedily  to  the  different  parts  of  the  mould. 

A  great  improvement  was  effected  in  this  class  of  moulding  by 
the  arrangements  introduced  and  employed  by  £.  Jobson,  especially 
where  a  large  number  of  castings  are  required  from  one  pattern. 

In  Mr.  Jobson's  process  of  moulding,  after  the  pattern  has  been 
first  partially  imbedded  in  the  sand  of  the  bottom  box  as  in  ordi- 
nary moulding.  Fig.  1,  Plate  XXXII.,  and  the  parting  sur£ace  has 
been  accurately  formed,  the  top  box  is  then  placed  on,  and  is  filled 
with  plaster  of  Paris,  or  other  similar  material,  to  which  the 
pattern  itself  adheres.  When  the  plaster  is  set,  the  boxes  are 
turned  over,  the  sand  carefully  taken  out  of  the  bottom  box,  and  a 
similar  process  repeated  with  it,  as  in  Fig.  2,  using  clay-wash  to 
prevent  the  two  plasters  from  adhering ;  this  forms  a  corresponding 
plaster  mould  of  the  lower  portion  of  the  pattern.  These  two 
plaster  moulds  may  be  called  the  **  waste  blocks,"  as  they  are  not 
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naed  in  prodncmg  the  moulds  for  casting,  but  are  Babeeqnently 
destroyed. 

Beveiaed  moiilds  in  plaster.  Figs.  3  and  4,  are  now  made  &om 
these  waste  blocks,  the  pattern  being  first  removed,  by  phicing 
upon  the  bottom  box  a  second  top  box,  an  exact  dnplicate  of  the 
former  top  box,  and  filling  it  up  with  plaster,  having  need  day- 
wash  as  before,  and  doing  the  same  with  the  other  box.  Beversed 
motilds  are  thus  obtained,  &om  which  the  final  sand  moulds  for 
casting  are  made,  bynatng  them  as  "ramming  blocks,"  upon  which 
the  sand  forming  the  monld  is  rammed  by  placing  a  third  dnplicate 
top  box.  Fig.  6,  npOQ  the  ramming  block,  and  a  corresponding 
bottom  box,  Fig.  5,  upon  the  ramming  Uook. 

The  re^nisito  gits,  or  gates,  nmners  and  risers,  are  formed 
previonsly  in  the  original  sand  monld,  and  are  consequently  repr^ 
sented  in  the  ramming  blocks.  Figs.  4  and  5,  by  corresponding 
projections  or  ribe  npon  the  patting  face  of  the  one,  and  hollows  in 
the  other,  which  are  then  stopped  up  with  plaster,  and  these  are 
properly  repeated  in  the  final  sand  monld.  Figs.  6  and  6 ;  these 
last  therefore,  when  pat  together,  form  a  complete  monld  for 
casting,  just  like  an  ordinary  sand  monld,  Fig.  7,  but  having  some 
important  advantages. 

Any  nnmber  of  snoceeding  monlds  can  be  made  from  the  original 
ramming  bloc^  by  the  simple  process  of  ramming,  withont  any 
handling  of  the  pattern  or  turning  over  the  boxes,  both  top  and 
1  monlds  being  rammed  independently  and  at  the  B 
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the  case  of  difficult  castings,  where  several  trials  may  be  required 
before  the  best  mode  of  running  the  metal  is  ascertained,  so  as 
to  ensure  sound,  good  castings ;  and  by  this  process  the  exact  repe- 
tition of  the  same  plan  is  ensured,  without  requiring  any  further 
attention  from  the  moulder. 

A  small  hollow  is  imprinted  in  the  ramming  block  for  the  top 
box,  into  which  the  plug  for  forming  the  gate  is  rested  while  the 
box  is  rammed,  and  by  this  means  the  gate  is  ensured  being  formed 
in  the  right  place,  without  any  care  on  the  part  of  the  moulder. 

The  process  of  moulding  by  this  plan  is  so  simple  and  certam, 
that  ordinary  labourers  are  quite  sufficient  to  make  the  best.castingSy 
as  they  have  nothing  to  do  but  ramming  the  sand  upon  the  two 
blocks  in  each  case,  forming  the  back  and  front  of  the  pattern^  and 
putting  them  together  without  having  to  pay  any  attention  to  the 
parting  gates  or  runners ;  and  also  it  is  much  easier  to  lift  the 
boxes  when  rammed  off  from  the  blocks,  than  to  pick  out  the 
pattern  from  the  face  of  the  mould  as  in  the  ordinary  process. 
The  whole  being  in  one  solid  mass  in  this  plan,  it  can  be  lifted 
more  steadily,  with  less  risk  of  injury  to  the  sand  mould. 

When  the  pattern  is  long  and  very  thin  and  intricate,  as  in  the 
case  of  an  ornamental  fender  front,  where  the  general  sur£Eice  is 
also  curved  or  winding,  as  in  Plate  XXXIII.,  the  difficulty  of 
picking  out  the  pattern  from  the  mould  is  so  great  as  to  require 
the  most  skilfal  workmen,  and  the  length  of  time  required  for 
repairing  the  injuries  of  the  mould  causes  about  eight  sets  of 
fender  castings  a  day  to  be  the  general  limit  to  the  nxmiber  that 
can  be  moulded  by  each  man  and  boy.  But  however  difficult  the 
pattern  may  be  to  mould  in  the  ordinary  way,  if  it  is  arranged  to 
''draw"  properly  from  the  mould  with  this  process,  the  labour  is 
very  little  greater  than  with  an  easy  pattern ;  the  saving  of  time 
is  so  great  that  as  many  as  thirty  a  day  are  moulded  on  an  average 
by  one  labourer  and  a  boy,  being  four  times  the  number  that  the 
best  moulders  can  produce  by  the  ordinary  plan. 

When  the  pattern  is  slender  and  long,  it  is  liable  to  be  broken 
in  the  frequent  handling  to  which  it  is  subject  in  the  ordinary 
process  of  moulding,  and  the  expense  and  delay  caused  by  the 
breakage  of  patterns  is  of  serious  consequence  in  light  ornamental 
work,  where  the  patterns  are  often  very  expensive;  but  in  this 
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steady  pins  for  connectiiig  the  top  and  bottom  boxes  may  be 
adopted,  vhich  ia  eaaer  to  constmct  vitb  accorsoy.  Inatead  of 
foar  or  more  roand  pins  fixed  on  tbe  bottom  box,  and  fitting  into 
oorzeBponding  boles  in  Ings  cast  apon  tbe  top  box,  Tertical,  angnlar 
Btnds  are  cast  on  each  bott(mi  box,  and  fit  against  corresponding 
projections  on  tbe  edge  of  dte  top  box,  seen  in  Plan,  Fig.  4,  Plate 
XXXm.,  and  in  section  Pig.  7,  Plate  XXXH. ;  the  only  fitting 
required  in  making  the  boxes  10  to  file  tbe  toocbing  angles  of  the 
[nns,  so  as  to  fit  one  standard  top  box  and  the  projectiona  on  the 
top  boxes  to  be  all  fitted  to  one  stand  and  bottmn  box. 

It  has  to  be  noticed  that  in  the  ordinary  plan  of  moolding,  and 
by  the  odd  side  and  plate  methods,  one  side  of  a  pattern  is  not 
available  while  tbe  other  is  in  nae.  By  Jobson's  proceea  each 
pattern  is  equal  to  two,  as  it  mil  be  evident  that  both  blocks  may 
be  worked  from  at  tbe  same  time. 

In  taking  np  the  gabject  of  heavy  green^sand  moulding,  we 
enter  upon  an  extensive  field  of  practice,  and  it  will  be  necessary, 
as  before,  to  select  each  examples  as  appear  beet  adapted  to  present 
fair  general  views  of  tbe  snbject. 

In  connectioQ  with  some  observations  on  tbe  practice  of  green- 
sand  moulding  generally,  stated  at  tbe  ctmclnsion  of  oar  notes  on 
light  flat  moulding,  we  must  here  remark  tbe  introduction  of  a  new 
element,  powdered  coal,  namely,  into  tbe  sand,  in  a  state  of  simple 
mixture,  its  office,  as  before  remarked,  being  to  assist  tbe  blackening 
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affect  the  duration  of  this  action.  The  correct  adjustment  of  this 
point  must  he  lefb  to  the  skill  of  the  workman^  deriyed  &om  his 
previous  experience. 

A  redundancy  of  coal  in  the  sand  renders  the  surfEice  of  the 
casting  formed  in  it  £Ekint;  that  is,  its  outlines  are  imperfectly 
developed,  or,  to  use  again  the  language  of  the  moulder,  the  casting 
is  not  sharp.  This  is  the  natural  and  ohvious  effect  of  the  repellent 
power  of  the  superahundant  gas  generated  by  the  heat  &om  the 
coal«  On  the  contrary,  a  deficiency  of  coal  proves  equally  hurtful  to 
the  quality  of  the  casting,  as  the  gas  produced  from  it  is  too  weak 
to  maintain  the  well-balanced  action  of  the  opponent  forces.  The 
iron  having  burnt  through  the  blackening,  penetrates  the  sand, 
which  at  the  surfetce  becomes  incorporated  with  the  metal,  and 
produces  therefore  a  peculiar  roughness  on  its  surfitce.  In  order 
to  make  the  casting  in  the  most  proper  manner,  the  sand  and  coal- 
powder  should  be  mixed,  not  only  in  a  proportion  suited  to  the 
body  of  the  metal  to  be  cast  in  the  mixture,  but  also  as  uniformly 
as  possible. 

Peasemeal  is  not  generally  used  in  the  ordinary  flat  mouldings, 
its  object  being  to  hold  down  the  blackening  appUed  to  mouldings 
of  an  intricate  or  ornamental  character.  Now  the  parts  of  ma- 
chinery generally  have  their  surfaces  plain,  which  are  therefore 
easily  accessible  to  the  trowel  and  sleeker. 

For  large  castings,  the  bed  of  sand  which  forms  the  floor 
of  the  foundry  is  commonly  used  for  constructing  the  moulds, 
serving  thereby  the  purpose  of  the  drag-box.  The  chief  defect 
entailed  by  this  method,  which  is  indispensable  in  some  cases,  is 
that  the  moulder  has  to  work  in  a  very  uncomfortable  position. 

Fig.  1,  Plate  XXXIV.,  is  an  external  view  of  the  bed-plate, 
showing  the  upper  surface  of  an  early  form  of  high-pressure  engine, 
by  no  means  a  form  to  be  imitated,  but  merely  given  here  for  illus- 
tration. It  was  arranged  to  maintain  six  columns,  surmounted  by 
an  entablature.  At  one  end,  b,  a  flat  form  for  supporting  the 
cylinder  is  cast  across  the  plate,  stiffened  by  a  deep  flange  at  the 
edge.  The  position  of  the  cyUnder  is  indicated  by  the  dotted  circle. 
When  the  cylinder  was  set  in  its  place,  the  apertures  c  c  formed 
continuations  of  the  exhaust  steam  passages,  they  were  joined  into 
one  short  branch  pipe  below  the  platform ;  (2  is  a  circular  passage 
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tot  the  intiodaetion  of  the  Bteam  into  the  valvd-cheet  It  is  pro- 
jected downwards  to  the  level  of  the  month  of  the  edoction  pipe, 
both  passages  terminatiiig  in  one  ki^e  fiange,  l^  vhioh  the 
TOBpectiTe  pipes  leading  to  them  are  connected. 

Fig.  3  is  a  plan  of  part  of  the  bed-plate,  inclnding  the  steam- 
ways,  showing  in  dotted  lines  the  exhanst  passage  and  the  flange. 
Fig.  4  is  a  Teitical  section  of  the  plate  and  the  ezhaost  passage  at 
the  line  a!  h',  Fig.  3.  The  steam  passage  also  is  dotted  in  behind 
it.  Fig.  5  is|  another  vertic&l  section  of  the  same,  at  the  line  e  e. 
Fig.  3,  showing  in  section  both  of  the  passages  e  d. 

Fig.  6  is  a  plan  of  another  portion  of  the  plate,  showmg  the 
foundation  for  a  colamn ;  Fig.  7  being  a  vertical  section  of  the  same 
at  the  line  a"  b",  Fig.  6.  It  thus  appears  that  the  bed-plate  is  hollow 
within,  and  it  possesses  the  form  of  section  shown  in  Fig.  4  all 
round,  infermpted  only  by  the  sockets  for  the  feet  of  the  columns. 
It  is  a  general  practice  in  founding  to  dispose  of  the  moulding 
so  as  that  those  parte  of  the  casting  towards  which  the  greater 
quantity  of  metal  exists  may  be  nndermost.  In  this  way  greater 
secnrity  is  found  for  the  soundness  of  castings  at  the  more  im- 
portcmt  parts. 

Now  the  bed-plate  is,  for  the  most  part,  entirely  open  on  the 
under  side,  as  may  be  seen  on  referring  to  section,  Fig.  4;  and  this 
is  particularly  the  case  in  modem  examples.  It  ought  therefore 
to  be  cast  with  that  edde  uppermost,  according  to  the  preceding 
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outy  and  accordingly  the  prints  for  securing  the  cores  in  their 
positions  are  added  to  the  patterns  of  the  flange,  which  itself  is 
attached  loosely  to  the  pipe  patterns.  On  the  opposite  side  of  the 
main  pattern^  prints  are  likewise  fSeistened  to  receiye  the  cores  for 
the  column  sockets,  Fig.  7,  Plate  XXXIV.,  and  to  the  snugs  8  8, 
ifec,  to  core  out  the  holes  in  them. 

A  level  bed  in  the  sand  upon  the  floor,  of  sufficient  extent,  is  in 
the  first  place  prepared  for  the  pattern,  which  is  then  set  down  upon 
it  and  well  bedded  in-its  place,  which  is  efiected  by  blows  given  to 
it  over  the  surface ;  the  object  being  to  form  a  complete  impression 
of  the  under  surface  of  the  pattern.  Sand  is  further  laid  in  and 
rammed  about  the  pattern  on  all  sides,  till  it  be  brought  up  flush 
with  the  upper  side,  forming  thereby  the  parting  surface,  on  which 
the  parting  sand  is  strewed. 

The  next  stage  of  the  process  is  to  lay  the  upper  box  or  boxes 
over  the  pattern,  and  to  fix  them  in  their  places  by  stakes  of  wood 
driven  into  the  floor,  which  also  guide  us  to  replace  them  accurately 
when  moved.  If  there  is  not  a  single  box  large  enough  to  embrace 
the  whole  of  the  pattern,  two  or  more  smaller  boxes  are  placed  end 
to  end  over  it,  resting  upon  the  sand  external  to  the  moulding,  and 
answering  the  purpose  of  a  single  box.  The  ramming  of  these 
boxes  is  conducted  in  the  usual  manner,  except  at  the  end  A. 

Here  it  is  evident  that  as  the  platform  or  cylinder  plate  is  now 
on  the  under  side  of  the  pattern,  the  body  of  sand  filling  the 
space  immediately  above  it  to  the  level  of  the  upper  side  must  be 
lifted  out  to  get  the  pattern  removed.  At  the  same  time  the  weight 
of  such  a  deep  body  of  sand  adhering  to  that  in  the  overlying  box, 
would  overcome  their  cohesion,  it  would  break  away  altogether.  As 
the  box  is  therefore  incapable  of  carrying  it  with  it,  it  becomes 
necessary  to  have  this  load  of  sand  supported  by  independent 
means. 

An  iron  frame  is  cast  in  open  sand  of  the  same  form  as  the  sunk 
space,  but  somewhat  smaller,  as  allowance  for  the  contraction  of  the 
casting,  in  the  course  of  cooling,  must  be  made  to  allow  the  plate 
to  be  withdrawn  after  the  casting  is  executed.  In  cases  where  this 
precaution  has  not  been  sufficiently  attended  to,  the  jamming  of  the 
plate,  enclosed  on  more  than  one  side,  has  been  the  natural  conse- 
quence, and  sometimes  the  destruction  of  the  casting  by  consequent 
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fractore.  In  the  eeaiim  of  the  frame,  a  Eni^cient  opening  is  allowed 
for  the  steam-ways.  This  frame  ia  laid  in  the  bottom  of  the  teoesa, 
and  as  its  under  surface  now  &ces  the  moulding,  it  must  be  eoTO- 
loped  on  that  side  in  the  sand,  to  protect  it  from  the  immediate 
action  of  the  metal  afterwards  potit«d  into  the  moold.  To  assist 
its  adhesion,  the  frame  or  plate  is  studded  on  the  under  side  with 
numerous  tooth-like  projecti<m%  which  are  imbedded  in  the  sand 
applied.  Sand  is  now  thrown  in  above  the  plate  surrounding  the 
jteam-ways  and  well  rammed,  its  parting  suites  being  made  flush 
with  tlie  upper  edges  of  the  pattern  of  the  pipe-flange  in  the 
centre  and  of  the  contignous  body  of  sand  forming  the  interior 
part  of  the  moulding,  their  parting  being  just  over  the  stiffening 
flange  of  the  cylinder  bottom.  Willi  this  preparatbn  the  upper 
boxes,  as  already  said,  are  set  down  and  filled. 

CFhere  are  prepared  six  monlding  gates  to  the  moulding,  and 
eight  flow  gates.  Of  the  pouring  gates  or  those  by  which  the 
moulding  is  filled,  two  are  placed  ^ong  each  side,  about  4  feet 
distant,  and  two  at  the  cylinder  end  of  the  moulding,  while  none 
are  made  at  the  other  end.  This  unequal  division  is  necessary  od 
account  of  the  heavier  nature  of  the  moulding  at  the  cylinder  end ; 
the  design  of  the  whole  being  to  have  the  moulding  filled  uniformly. 
The  flow  gates  are  distributed  equally  over  the  moulding.  These 
will  be  again  referred  to. 

Before  lifting  off  the  upper  boxes,  the  pattern  being  now  com- 
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end  of  the  pattern,  are  lifted  out  of  their  dtuations  by  arms  rising 
through  the  core,  carrying  with  them  the  pattern  of  the  steam- 
ways,  which  is  at  liberty  to  go,  for,  as  we  have  abready  noticed,  it 
stands  loose  on  the  main  pattern.  That  pattern  itself  is  not  in  one 
piece ;  the  flange,  which  is  separate,  is  lifted  off  towards  the  upper 
side  of  the  core,  and  the  remainder  of  the  pattern  is  drawn  out  by 
the  under  side.  This  is  evidently  the  only  mode  of  extracting  the 
pattern,  and  shows  the  necessity  in  such  cases  of  constructing 
patterns  in  twenty  or  more  pieces  to  adapt  them  to  the  exigencies 
of  the  case. 

The  parts  of  the  moxdd,  in  the  neighbourhood  of  the  pattern, 
must  now,  after  the  box  is  removed,  be  pierced  with  small  holes 
executed  by  wires  traversing  the  whole  body  of  sand,  with  a  view 
of  rendering  the  moulding  more  porous,  and  of  fEtcilitating  thereby 
the  escape  of  the  air  and  other  gases ;  the  mould  is  also  watered 
along  the  edges  to  increase  the  coherence  of  the  sand. 

The  pattern  itself  is  taken  out  by  lifting  it  in  all  its  parts  at 
once  by  pins  secured  into  it  at  several  places,  so  as  to  be  raised  in  a 
truly  vertical  position.  This  manoeuvre  is  performed  by  several 
men,  who,  while  they  lift  the  pattern  with  one  hand,  strike  it  gently 
and  constantly  with  the  other,  thus  continually  checking  any  efforts 
made  by  the  pattern  to  tear  away  the  sand  of  the  moulding,  and 
now  especially  is  this  remedial  application  necessary,  as  the  pattern 
is  much  more  engaged  in  the  lower  moulding  than  in  the  upper, 
which  indeed  is  the  case  in  mouldings  generally.  Unavoidable  de- 
gradations in  one  or  other  of  the  two  parts  of  the  mould  do  never- 
theless occur,  and  these  the  workman  repairs  with  damp  sand  by 
means  of  his  trowel 

The  moulding  is  next  smoothed  over  the  surfiEice  by  the  trowel, 
and  a  sprinkling  of  charcoal  is  then  applied,  and  polished  likewise 
by  the  trowel.  It  is,  however,  omitted  for  very  large  castings. 
Sometimes  also,  in  order  to  avoid  using  too  much  charcoal,  the  sur- 
&ceB  are  lightly  dusted  over  with  sand  finely  pulverized,  through  a 
bag.  The  moulding  is  now  ready  for  the  reception  of  the  cores, 
the  making  and  depositing  of  which  claim  the  particular  attention 
of  the  moulder,  as  the  figure  of  the  future  casting  will  very  much 
depend  upon  his  accuracy  in  these  respects. 

Cores  of  several  forms  are  necessary  for  the  completion  of  the 
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moulding.  There  are,  fint,  tlie  cores  for  the  column  socketa,  of 
which  there  are  six ;  then  the  cores  far  the  intermediate  portions  <tf 
the  bed-plate,  of  which  also  there  are  six,  there  being  two  on  each 
side  between  the  socket  cores,  and  one  at  each  end ;  again  two  cores, 
for  the  holding  down  bolt-holes  in  the  snaga  at  the  bases  of  the 
columns,  aa  well  as  for  the  holes  that  may  be  reqnired  for  the 
bolting  down  of  pedestals,  &&,  to  the  bed.  For  all  these  there 
are  simple  prints  sprigged  npon  the  pattern  at  the  proper  plaoep^ 
the  impressiona  of  which  in  the  sand  serre  to  hold  the  cores 


As  we  hare  already  remarked  about  the  beginning  of  tioB 
chapter,  the  cores  must  be  made  not  only  of  the  exact  size  and  shape 
of  the  vacancies  in  a  casting,  whether  partial  or  thorough,  which 
tiiey  are  intended  to  form ;  allowance  moat  also  be  made  on  them 
for  the  core-prints  when  they  are  necessary.  This  aUowance  then  is 
provided  in  the  cores  for  the  colonm  sockets,  for  which  there  are 
prints  on  the  under  side  of  the  [»ttem.  These  sockets  go  through 
the  bed,  and  are  square  in  the  body  and  round  at  each  end,  as  may 
be  understood  on  referring  to  Figs.  8  and  7,  Plate  XXXIV.,  and 
to  Fig.  2,  Plate  XXXy.,  which  is  a  pUn  of  the  moulding  showing 
the  Doree  in  their  places.  Fig.  3,  Plate  XXXT.,  is  a  longitodinal 
section  of  the  moulding,  taken  tiiroagh  the  steem  ways.  In  both 
fignies  /  /  /  is  the  sand  of  the  fioor,  in  which  the  monlding  is 
ormed,  constituting  the  interior  as  well  as  the  exterior  of  it ;  h  b, 
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knees,  thus  [.  If  the  depth  of  these  be  just  the  thickness  of  the 
metal,  then  by  placing  several  of  them  along  the  bed  of  the 
moulding,  they  support  the  cores  placed  over  them,  keeping  the 
space  clear  for  the  metal ;  of  course  these  chaplets  will  be  imbedded 
in  the  casting,  where  they  are  allowed  to.  remain.  The  double- 
knee  cores  at  both  ends  of  the  moulding,  it  will  be  observed  in 
Fig.  2,  are  put  together,  each  in  three  pieces.  In  constructing  the 
cores  e  e,  &c,,  plain  square  bodies  of  sand  of  the  dimensions  of  the 
interior  of  the  casting  are  in  the  first  place  formed  in  boxes  of 
the  same  size,  including  at  the  same  time  iron  frames  enveloped  in 
the  cores.  Now,  the  small  cores  that  are  necessary  to  the  oblong 
openings  in  the  sides  of  the  casting  are  simply  attached  in  their 
proper  positions  to  the  sides  of  the  main  cores  e  e,  &c.  They  are 
formed  and  fixed  on  by  simply  applying  upon  the  larger  core  an 
open  box  of  the  form  required,  into  which  the  sand  is  packed,  thus 
causing  it  to  adhere  to  the  main  core;  when  the  box  is  filled,  the 
sand  is  squared  off  by  a  straight  edge  flush  with  the  surface  of  it. 
It  is  evident  that  if  the  box  be  lifted  off,  it  leaves  its  core  behind  it. 
All  the  other  smaller  cores  having  been  made  and  set  in  their 
places,  the  moulding  is  finally  closed,  the  upper  box  being  replaced, 
as  seen  in  section  i  i,  Fig.  3.  This  requires  to  be  done  cautiously 
and  in  a  truly  vertical  direction,  as  it  now  receives  the  upper  ends 
of  the  cores  which  project  above  the  moulding,  and  also  bears  upon 
the  other  cores  large  and  small,  which  do  not  require  any  additional 
security. 

When  convenient  two  or  more  gates  are  connected  to  one  central 
reservoir,  all  built  on  the  surfEice  of  the  sand.  Ghites  at  considerable 
distances  &om  others  are  usually  supplied  separately  with  iron  from 
hand-ladles.  The  other  gates  that  are  connected  are  supplied  by 
crane-ladles,  which  are  conveyed  by  cranes  from  the  cupola  to  the 
moulding.  The  ladles  will  be  afterwards  described.  The  flow- 
gates,  while  the  metal  is  being  formed,  are  plugged  with  day-balls, 
to  *^  keep  down  the  air  "  in  the  moulding.  These  plugs  are  drawn 
out  when  the  moulding  is  filled  and  the  iron  flows  up.  It  is  thus 
judged  whether  the  casting  is  complete.  The  plugs  must  not  be 
prematurely  drawn,  as  by  the  too  &ee  egress  given  to  the  air,  the 
bottom  of  the  mould  is  apt  to  be  disturbed  by  the  air  confined  in 
the  sand. 
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Whea  the  metal  is  ponied,  the  "feeders"  are  immediately 
applied  at  the  flow  gat«e.  These  are'rods  of  iron  which  aze  plmj^ed 
into  the  liquid  iron,  and  wrought  up  and  down  in  it  B;  this 
ogitative  prooees  the  liquidity  of  the  iron  about  the  gates  is  of 
longer  dnration  than  otherwise  mnintMned.  It  is  tbeieibre  enabled 
to  supply  itself  with  additional  iron  from  the  flow  gates,  for  it  most 
be  nndetstood  that  in  cooling  down  of  la^e  bodies  of  metal,  the 
ani&oe  sets,  while  the  interior  is  liquid ;  and  therefore  when  the 
interior  farther  ocmtraota,  it  draws  in  the  anrfiuw  metal  towards  the 
centre,  and  if  not  fed  as  above  described,  the  caatiiig  assnmes  a 
vesicnlar  or  honey«mibed  stmctnre,  which  weakens  it  considerably. 
To  avoid  snch  a  result  as  far  as  possible  is  the  object  of  the  agitation 
piodaced  by  the  rod. 

Amongst  the  great  variety  of  work  denominated  gre^-eand 
monldbg,  mnch  and  varied  conkivance  is  displayed  in  the  stmctnre 
of  the  moulds.  In  particnlar,  the  management  of  cores  is  a  matter 
of  very  considerable  importance,  and  the  malformation  of  them  is 
a  prolific  source  of  fiuluie  in  the  prodnction  of  sound  castings. 

Cores  are  especially  usefol  for  forming  vacancies  in  castings. 
Their  forms  may  be  long,  and  proportionally  small  in  diameter,  or 
winding  or  otherwise  intricate ;  and,  seeing  that  they  are  necessarily 
surronnded  by  the  iron  when  cast,  they  ought  to  hare  as  much  aa 
may  be  the  qualities  of  firmness  of  snbetanoe  and  openness  of  pores. 
Gores,  as  has  already  been  stated,  are  conim<mly  composed  of  rock 
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naturally  no  power  of  cohesion.  Wanting  oohesiYenefiB,  it  must  be 
tempered  to  a  proper  consistency  by  the  addition  of  clay  and  water, 
yeast,  or  the  refase  of  the  peasemeal  used  for  light  flat  moulding 
purposes.  In  the  nse  of  the  last  material,  it  must  be  accurately 
proportioned  to  the  sand  with  which  it  is  mixed.  The  clay-water 
is,  in  ordinary  cases,  made  nse  of  as  a  cement,  and  the  yeast  only  in 
very  particular  circumstances.  For  large  compact  masses  of  core, 
the  common  green  sand  may  be  used,  as  illustrated  in  both  the 
last  examples. 

The  longer  cores  are  stiffened  by  iron  wires  and  small  rods, 
which  are  bent,  if  necessary,  to  the  form  of  the  cores.  These  rods 
are  enveloped  in  the  core  in  the  progress  of  its  formation,  and  are 
afterwards  extracted  from  the  casting.  The  cores  of  considerable 
length  are  pierced  longitudinally  by  wires  for  the  escape  of  the  air ; 
or,  in  cases  in  which  this  is  impracticable  on  account  of  the  bends 
or  angles  in  the  core,  a  piece  of  string  is  laid  in  the  sand,  alongside 
the  stiffening  wires,  which  is  afterwards  drawn  out  when  the  core 
is  dry,  leaving  its  perforation  behind  it. 

With  all  these  precautions  for  securing  the  strength  of  cores, 
and  for  the  all-important  purpose  of  letting  off  the  air,  blown 
holes  do  occur  at  times  in  castings,  formed  by  the  air  thrown  off 
fix)m  the  cores  into  the  iron. 

When  the  bearings  of  cores  at  the  extremities  are  considered 
unfit  for  steadying  them,  they  are  farther  sustained  by  steeples 
stuck  into  the  sand  at  several  places  in  their  length.  These  are 
simply  nails  with  broad  flat  heads,  and  several  of  them  being  set 
into  the  sand,  and  projecting  above  it  just  as  much  as  the  thickness 
of  metal,  the  core  is  placed  up6n  them  and  sustained  steadily  in  its 
place ;  the  steeples  are,  of  course,  buried  in  the  casting,  and  the 
prints  of  them  projecting  outside  are  chipped  off  in  the  course 
of  dressing  it.  Ghaplets  are  also  used  to  bear  up  cores  having 
plane  surfaces. 

An  excellent  example  of  the  use  of  &ee-sand  cores  is  found 
in  the  construction  of  shell  mouldings.  The  form  we  illustrate  is 
now  only  used  for  mortar-shells,  but  was,  until  the  introduction  of 
the  elongated  projectiles  required  for  rifled  guns,  employed  for  all 
descriptions  of  ordnance.  It  is  simply  a  hollow  sphere.  Fig.  1, 
Plate  XXXYI.,  of  cast  iron,  having  one  small  round  hole  as  a 
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pasuige  into  tlie  interior,  termed  the  fuBe-hoIe.  The  pattern  of  the 
shell  is  a  plain  globe,  Fig.  2,  of  the  same  external  diameter  as 
itself,  haTiDg  a  core-print  a  npon  it,  answering  te  the  fbse-hide  of 
the  same  diameter.  Fig.  3  repiesentB  the  core,  the  diameter  of 
which  is  the  same  as  that  of  the  interior  of  the  shell  -,  it  has  a  pro- 
jection a  te  form  the  fose-hole.  The  whole  core  is  formed  in  a  box 
which  opens  in  two  semispherical  parts  to  allow  the  core  to  be 
extracted.  A  piece  of  double-twisted  wire  is  enveloped  in  the  core, 
projecting  at  the  neck  with  a  loop  at  the  enter  end.  By  this  wire 
the  core  is  to  be  held  down.  Fig.  4  is  a  sectional  view  of  the 
monlding  box,  and  the  monlding,  showing  the  core  in  its  sitoatioa 
and  the  applications  for  holding  it  there  by  means  of  the  wire,  which 
passes  through  the  bottom  of  the  motilding  and  is  locked  on  the 
nnder  mde.  Two  ^tes  are  also  represented  by  which  the  metal  is 
poored. 

It  is  evident,  then,  that  when  the  casting  is  formed,  the  fose- 
hole  is  the  only  exit  for  the  core-sand  in  the  interior.  The  material 
of  the  core  ooght  therefore  to  be  easily  friable,  as  it  can  be  broken 
down  only  by  external  blows.  Accordingly  it  is  formed  of  free 
sand,  so  tempered  with  clay-water  or  other  binding  principle,  as  to 
acquire  jnst  each  a  tenacity  as  will  enable  it  to  bear  the  action  of 
the  metal.  The  liise-hole  core  is  made  of  rock  sand,  to  enable  it  to 
bear  the  weight  of  the  body  of  the  core,  and  to  withstand  the  strains 
to  which  it  may  be  subjected.    The  surfaces  of  the  core  and  ex- 
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by  its  own  weight;  the  lower  flask  is  remoyed,  and  the  tipper 
pnt  on  the  plate.  The  same  operation  is  gone  through  with 
this  also. 

The  cores  for  filling  up  the  centre  of  shell  are  very  correctly 
made,  and  in  very  Uttle  time,  at  Woolwich.  A  lever  opens  and 
shuts  the  halves  of  the  core-monld,  so  that  the  plan  sometimes 
resorted  to  of  shaking  and  knocking  the  core-mould  is  entirely  done 
away  with. 

Shells  of  the  modem  form  are  moulded  in  a  somewhat  similar 
way,  but  in  a  flask  resembling  Fig.  1,  Plate  XXXI.,  care  being  taken 
to  get  good  sound  metal  by  pouring  in  the  iron  while  liquid  into 
small  hand-ladles,  each  of  which  has  arranged  over  it  a  receptacle 
into  which  all  scum  rises;  when  required,  the  filled  ladles  are 
removed  from  under  these  receptacles,  and  the  clean  metal  poured 
from  them  into  the  moulds,  the  metal  from  the  receptacles,  amounting 
to  at  least  25  per  cent,  of  that  employed,  being  returned  to  the 
cupola. 

Our  next  examples,  Figs.  5  to  8,  Plate  XXXYI.,  are  intended 
to  illustrate  generally  the  manner  of  constructing  patterns  in  an 
exigency  which  frequently  occurs,  namely,  when  certain  portions  of 
a  pattern  enveloped  in  the  sand,  project  horizontally  beyond  other 
parts  which  are  above  them.  Were  the  pattern  in  such  circum- 
stances to  be  formed  in  one  piece,  it  obviously  could  not  be  with- 
drawn from  the  sand,  without  breaking  up  the  moulding  at  the  parts 
referred  to.  This  idea  may  be  explained  by  Figs.  5  and  6  being 
respectively  a  cone  and  a  sphere.  Were  these  objects  buried  in  the 
sand,  as  they  are  here  shown,  and  then  drawn  out,  the  base  of 
the  cone  would  describe  the  space  included  in  the  vertical  Unes  o  o ; 
and  would  also,  of  course,  remove  the  overlying  sand.  A  similar 
result  would  ensue  with  the  sphere.  The  lower  part  of  the  sphere 
would  be  left  as  it  is,  while  the  upper  part  between  the  lines  o  o 
would  be  destroyed.  The  simple  remedy  for  these  cases  would  be 
to  invert  the  position  of  Fig.  5,  as  shown  in  Fig.  7,  and  to  mould 
the  sphere,  Fig.  6,  so  as  to  have  its  largest  horizontal  diameter  at 
the  surfiEtce  of  the  sand.  Fig.  8.  While  the  under  half  could  thus 
be  moulded  in  the  under  box,  the  other  half  would  be  rammed  up 
in  the  upper  box.  As  in  these,  so  in  all  other  instances,  pattema, 
or  parts  of  patterns,  to  be  capable  of  being  moulded  in  sand,  must 
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in  tbeii  general  ontliae  taper  &om  the  snr&ce  of  tlie  sand  downward. 
Fox  this  reason,  snob  parts  of  the  sniface  of  a  pattern  as  may  be 
intended  to  be  vertical,  when  it  is  being  made,  are  nerer  tmly 
BO,  A  slight  tapering  inolination  is  given  them,  that  they  may 
leave  the  sand  more  readily. 

A  variety  of  other  peculiar  drcomstanoeB,  however,  freqnenily 
reqnire  special  modes  of  management.  For  example,  a  common 
sheave  requires  a  particnlar  and  an  elegant  process  to  execute  the 
moulding  of  it.  Fig.  1,  Plate  XXXYII.,  is  a  diametrical  section  of 
one.  The  circiunference,  it  will  be  observed,  is  grooved  out  semi- 
oircnlarly  at  a,  and  a  bole  o  is  made  through  the  centre.  The 
object  is  now,  to  mould  the  pattern  in  such  a  maimer  as  that  the 
portion  of  sand  forming  the  groove  a  a  may  be  left  in  its  place 
when  the  pattern  is  drawn  out  The  pattern,  Fig.  2,  must  be 
formed  in  two  halvefl,  separated  by  the  plane  a'  passing  through  the 
centre  of  the  groove.  These  halves  are  prevented  &om  shifting  by 
pins  n  n,  or  this  may  also  be  effected  by  a  button  on  the  centre  of 
the  one,  fittmg  a  recess  in  the  other,  as  in  the  figure.  There  are  also 
printa  at  o  o,  for  sapporting  the  core. 

Fig.  3  represente,  in  section,  the  moulding  of  the  pnlley,  d  d  and 
b  b  are  the  boxes.  The  pattern  is  first  bedded  in  the  lower  box, 
and  a  parting  e  cf  formed  &om  the  under  rim  to  the  edge  of  the 
box.  The  ring  of  sand  co'e  ia,  in  the  next  place,  rammed  about 
the  pattern,  filling  the  groove,  and  its  upper  partmg  snr&oe  e  o  is 


GBEEN-BAKD  MOULDING.  207 

When  there  may  not  be  fSsicilities  for  turning  the  patterns  of 
pulleys  of  large  diameter,  the  grooves  are  cored  ont  in  the  moulding. 
For  this  purpose  a  core-print  running  round  the  pattern  is  pro- 
vided in  the  making,  as  sketched  in  Fig.  4,  which  is  a  section  of  a 
rim  of  a  wheel  supposed  to  be  made  with  arms.  The  print  is 
indicated  by  the  dotted  lines,  and  a  core  of  the  sectional  iormfgh 
is  constructed  in  a  core-box  for  the  purpose.  As  there  are  only  two 
boxes  for  the  moulding,  the  pattern  is  mostly  imbedded  in  the 
under  one,  the  parting  being  formed  on  a  level  with  the  core- 
print  at  /.  It  is  not  necessary  that  the  core  be  all  one  piece ;  it 
may,  for  convenience,  be  formed  in  several  segments. 

We  shall  now  select  a  fluted  pipe  as  an  example  of  another 
variety  of  adaptation.  Fig.  1,  Plate  XXXVIII.,  is  a  transverse 
sectional  view  of  a  pipe,  which  may  be  supposed  to  be  about  five 
inches  in  diameter,  six  feet  long,  and  three-sixteenths  of  an  inch 
thick.  It  will  be  observed  that  the  core  or  interior  of  the  pipe 
follows  in  form  the  exterior  surface,  the  object  being  to  make  the 
pipe  as  light  as  possible,  otherwise  a  round  core  might  have  been 
substituted. 

To  determine  then  the  method  of  casting  this  pipe ; — It  is  to 
be  noted,  in  the  first  place,  as  a  general  rule,  all  cylindrical  bodies 
of  any  considerable  length  are  moulded  in  two  boxes,  one-half  in 
each.  Agreeably  to  this,  the  patterns  are  usually  divided  longitu- 
dinally in  two  halves.  Beferring  to  Fig.  2,  which  is  a  cross-section 
of  the  pipe  pattern,  the  line  a  a  represents  the  main  division  which 
would  suffice  for  a  pattern  having  a  plain  exterior.  For  this  column, 
however,  deep  as  the  flutes  are,  subdivisions  are  necessary,  to  render 
the  moulding  o^it  practicable.  For  it  is  easily  seen  that  the  angles 
hhh})  immediately  adjoining  the  parting  a  a  overhang  the  bottom  of 
the  hollow  between  a  and  h,  and  therefore  if  the  patterns  were  drawn 
vertically  out  of  the  sand,  they  must  break  away  the  intervening 
portions  of  sand  that  occupy  these  hollows.  Such  parts  of  the 
pattern  require  to  be  removed  laterally,  and  for  this  purpose,  each 
half  is  made  in  three  divisions,  as  represented  at  ecc^  dovetailed  to 
one  another,  allowing  the  smaller  pieces  to  slide  off  the  larger. 
Fig.  3  represents  the  core-box  for  the  pipe.  It  is,  like  the  pattern, 
parted  in  two  at  a  a.  On  the  top  of  the  upper  half  a  loose  piece  b, 
the  length  of  the  box,  is  provided,  which  being  removed,  the  sand 
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fot  the  oore  nu;  be  introdoced  hj  the  opeoing ;  o  is  the  core-bar, 
wbiob  nms  the  whole  length  for  the  pTirpoee  of  stifTeimig  the  oore. 

The  pettem  having  been  moulded  in  the  osnal  maimer,  one-half 
in  each  box,  bo  that  the  phme  a  a,  Fig.  2,  coincides  vith  the 
parting  of  the  sand,  the  middle  piece  of  each  half  is  first  drawn 
ont,  when  the  smaller  pieces  maj  next  be  removed  laterally  to 
make  way  for  the  core. 

On  Qiia  principle  of  constmction  in  similar  circomatanoes,  pat- 
terns are  generally  mada  Fitting  strips,  for  example,  when 
applied  to  the  vertical  &ce  of  a  pattern,  below  the  anrfaoe  of  the 
moulding,  are  attached  to  it  by  diding  dovetails.  Gore-printe  are 
very  often  placed  in  such  circumstances.  In  Fig.  4,  Plate 
XXXYIII.,  which  is  the  pattern  of  a  flanged  plate,  i  and  I  are  two 
core-prints,  which,  instead  of  being  dovetoiled  to  the  pattern,  are 
carried  qoite  down  to  the  plate,  which  is  moulded  in  an  inverted 
posi^on ;  these  continuations  clear  the  way  for  the  prints  themselves, 
which  would  otherwise  break  the  monlding.  After  the  cores  ore 
introduced,  these  temporary  vacancies  are  filled  np  with  the  aid  of 
smooth  strips  of  wood,  and  the  figure  of  the  moulding  restored.  In 
general,  core>prints  on  vertical  &ces  of  patterns,  are  carried  op  to 
Uie  parting  sorface  with  the  view  of  making  their  own  passage, 
which  is  afterwards  dosed  over  the  core. 

Take  for  oar  next  example  a  panelled  octagon  column  ot  poet. 
It  presents  a  more  complicated  structore  than  the  pip^  Fig,  1,  and 
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different  application  will  now  be  described  in  relation  to  the  mould- 
ing of  a  lathe-bed.  Fig.  5,  Plate  XXXVII.,  is  an  end  view  of  the 
bed;  a  a  are  the  upper  sliding  surfaces  oyerhanging  the  sides; 
these  are  connected  and  stiffened  at  several  parts  by  deep  flanges 
joining  them.  The  surfaces  a  a,  as  they  are  the  most  important 
parts  of  the  bed,  are,  according  to  the  general  rule,  moulded  under- 
most, the  object  being  to  secure  a  sound  structure  at  these  parts, 
free  from  blown  holes  and  impurities,  which  collect,  more  or  less, 
towards  the  upper  side  of  every  casting.  Fig.  6  is  a  section  of  the 
pattern  and  moulding.  The  parts  a  a  are  simply  attached  by  loose 
pins  to  the  rest  of  the  pattern.  The  first  step  is  to  bed  the  pattern, 
in  an  inverted  position,  thoroughly  on  the  floor,  which  is  levelled 
and  smoothed  all  about  it.  Plates  h  b,  extending  the  whole  length 
of  the  pattern,  are  set  along  both  sides  of  it,  an  inch  or  so  apart,  to 
support  the  sand  exterior  to  the  pattern.  A  series  of  small  rods, 
either  of  wood  or  iron,  is  placed  on  each  plate.  These  rods  over- 
hang it  on  the  side  next  the  pattern,  from  which,  however,  they 
must  be  at  some  distance.  In  this  way  the  rods  form  a  projecting 
platform,  by  which  the  sand  that  would  overhang  the  plate  is 
sustained.  If  of  wood,  the  rods  are  dipped  in  clay-water,  that  they 
may  adhere  to  the  sand.  The  moulding  is  made  up  with  sand,  flush 
vntii  the  pattern  within  and  without.  The  parting  is  formed  and 
covered  in  by  the  upper  box  as  usual,  which  being  lifted  o£^  and 
the  pattern  having  been  loosened,  it  is  drawn  out,  leaving  the 
loose  pieces  a  a  imbedded  in  the  three  masses  of  sand  nno.  The 
masses  n  n  resting  on  the  plates  are  raised  and  moved  aside  by 
handles  which  are  cast  upon  the  plates  and  project  upwards.  The 
pieces  a  a  being  thus  relieved  are  edged  out  from  below  the  sand 
o,  and  removed,  nn  are  replaced  as  before,  guided  by  conical 
projections  from  the  plates,  and  the  moulding  is  covered  by  the 
upper  box. 

Plates  are  also  employed  in  the  moulds  of  bevel-wheel  patterns 
for  lifting  the  bodies  of  sand  sunk  between  the  arms.  Frequently, 
too,  in  miscellaneous  cases,  where  considerable  depths  of  sand  occur 
in  the  upper  part  of  the  mould,  slips  of  wood  are  planted  vertically 
in  the  masses,  reaching  upwards  between  the  ribs  of  the  upper 
box,  their  object  being  to  bind  the  whole  body  of  sand  the  more 
firmly  tc^ether. 
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The  next  btaDch  of  the  subject  which  Mis  under  conrnderatioii 
is  the  manafactiire  of  works  in  dry  sand,  nsnolly  called  dry-eand 
moolding.  This  department  embraces,  generally,  the  mano&ctnie 
of  pipes,  colnmns,  shafts,  and  other  long  bodies  of  a  cylindrical 
form,  or  approaching  to  it ;  the  first  is  most  important,  for  oast-iron 
pipes  are  ettensively  used  to  convey  water,  gas,  or  oh  for  various 
technical  purposes.  Dried  or  baked  sand,  as  was  formerly  stated, 
consists  of  loam,  called  pit  sand,  that  has  ah-eady  been .  naed 
in  stmctnree  of  loom  work,  mixed  with  fresh  sand.  Dry  sand 
acquires  a  very  firm  and  open  consistence  by  the  expnimon  of  its 
humidity  by  heat,  and  it  is  found  to  be  much  bett«r  adapted  to  the 
porpceee  above  mentioned  than  green  sand. 

The  mechanical  part  of  the  process  of  moulding  in  dry  sand  is 
the  same  as  in  the  case  of  green-sand  work.  In  general,  no  coal- 
powder  is  mixed  with  this  sand.  When  the  monldings  are  finished 
they  are  transferred  to  drying  stoves,  in  which  they  are  exposed 
twelve  hours  or  upwards,  as  occasion  requires,  to  the  action  of  a 
strong  heat  till  their  humidity  is  banished.  The  experience  of  the 
moulder  must  be  his  gmde,  in  so  mixing  the  materials  at  his  dis- 
posal, as  to  produce  the  most  occnrate  form  of  the  mould  when 
finished,  which  shall  also  be  sofBciently  porons.  Such  monlds 
permit  a  readier  egress  for  the  gases  generated  by  the  casting  than 
green  sand ;  generally,  also,  the  castings  tnined  out  are  lees  vesi- 
cnlar,  and  smoother  upon  the  surface. 
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usnally  fixed  on  the  middle  of  the  sideSy  npoa  which,  when  the 
boxes  are  hnng,  they  may  tnm  in  a  direction  perpendicular  to  the 
preceding,  that  they  may  be  set  vertically  at  their  destined  position, 
which  is  commonly  in  a  pit  dug  to  reoeive  them. 

Pipe  moulds  are  always  either  set  upright  on  one  end,  or  laid 
in  a  position  very  considerably  inclined,  on  a  bed  of  sand  prepared 
for  tiie  boxes  at  an  angle  of  30°  or  40°.  When  practicable,  the 
larger  sizes  of  pipe  moulds  are  placed  in  a  vertical  position,  as  well 
as  all  other  comparatively  tall  articles ;  the  general  object  being  to 
raise  all  the  slag  that  collects  on  the  sur&ce  of  the  iron,  while 
being  poured,  clear  of  the  cast  into  the  gate-way,  securing  thereby 
soimdness  to  the  cast.  It  is  evident  that  were  pipes,  for  example, 
cast  horizontally,  the  metal,  at  any  given  period  in  the  running, 
would  expose  a  large  horizontal  surfeice,  which  is  unfavourable  to 
the  soundness  of  the  casting,  and  impurities,  besides,  would  in&llibly 
lodge  in  the  upper  portion  of  the  mould.  Both  of  these  objections 
are  removed  by  setting  the  mould  in  an  inclined  or  a  vertical 
position. 

In  proceeding  to  describe  the  method  of  forming  moulds,  it  will 
be  necessary,  in  the  first  place,  to  describe  the  construction  and  the 
formation  of  the  cores.  In  the  constructing  of  pipe  moulds,  as 
well  as  the  moulds  of  all  other  large  hollow  articles,  it  is  neces- 
sary that  the  core  be  made  both  rigid  and  porous ;  these  conditions 
are  obviously  necessary,  when  it  is  remembered  that  the  least  flexi- 
bility in  the  core  must  alter  the  thickness  of  the  casting;  besides 
that  the  core,  being  itself  so  much  confined  externally  by  the  liquid 
metal  when  poured,  the  ends  alone  serving  as  channels  of  escape 
for  the  interior  air,  must  ofier  within  itself  &cilities  for  the  escape 
of  the  gases  generated.  Both  of  these  objects  are  accomplished  by 
employing  a  tube  of  iron,  forming  the  centre  of  the  core,  and  per* 
forated  at  regular  distances  for  the  escape  of  the  air.  For  the 
smallest  sizes  of  cores  common  gas-pipes  are  used,  with  holes  drilled 
in  them  at  about  nine  inches  distance,  on  alternate  sides.  Wrought 
iron  tubes  of  a  larger  size  are  employed  for  larger  pipes ;  and  for 
the  largest  sizes  cast-iron  pipes  are  adopted,  with  rows  of  oblong 
holes  cut  at  equal  distances  for  ventilation.  These  cast-iron  core- 
bars,  the  general  appellation  for  all  the  varieties  enumerated,  have 
wrought-iron  double  knees,  fitted  and  bolted  to  their  extremities,  for 
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the  pnrpoae  of  soBtfumng  joomals  or  bearings,  upon  Trhich  they 
may  be  tnmed  on  their  own  axes.  The  hollow  ends  of  the  wiooght- 
iron  pipes  are  formed  sqnare  to  leceiTe  a  winch,  by  which  they  also 
may  be  made  to  torn  npon  themselTea,  the  use  of  which  operation 
will  ^>eedily  appear. 

Again,  s  core-bar  for  a  pipe  of  any  given  inside  diameter  is 
selected  two  or  three  inches  less  in  diameter,  with  the  view  of  pro- 
Tiding  for  hay-rope,  and  loam,  hj  which  the  core  is  made  up  to  the 
neceseaty  thicknees.  The  loam,  which  forms  the  external  coat  cS 
the  ctwe,  is  made  as  typen  as  practicable  by  augmenting  the  ngnal 
proportion  of  aluup  sand  in  its  composition.  The  hay,  also,  which 
is  simply  twisted  into  ropes  to  facilitate  its  application  to  the  core, 
fulfils  the  important  office  of  a  conducting  medinm  for  the  air 
forced  throngh  the  loam,  leading  it  from  all  parts  of  the  snr&ce  to 
the  vent-holes  in  the  core-bar.  The  method  of  applying  the  hay 
and  the  loam  is  simple.  The  core-bar  is  rested  by  its  pivots  on 
two  iron  tresaes,  the  npper  edges  of  which  are  formed  with  oorre- 
sponding  semicircular  or  triangular  dentations,  to  receive  the  {nvoto. 
Tbns  placed,  the  core-bar  is  caused  to  revolve  by  a  crank-handle 
applied  at  one  extremity,  during  whidti  operation  the  rope  is  led  on 
regolarly  along  the  bar  from  end  to  end,  and  &stened  there.  It 
most  be  tightly  done,  as  any  slackness  in  the  rope  will  permit  it  to 
yield  when  subjected  to  the  pressure  of  the  iron,  which  has  the 
elTect,  at  least,  of  altering  the  form  of  the  pipe,  if,  as  in  some  cases. 
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XXXIX.  illustrate  the  process.  Fig.  2  is  a  longitudinal  section  of 
a  pipe,  in  which  the  exterior  and  interior  outlines  are  represented* 
The  dotted  lines  at  each  end  indicate  the  additions  necessary  in  the 
pattern  as  core-prints.  Accordingly  Fig.  3  represents  the  core  as 
formed  upon  the  bar  before  described,  the  core  being  prolonged  to 
be  supported  in  its  bearings  formed  by  the  pattern,  though  it 
matters  not  if  it  should  be  longer  than  necessary.  Fig.  5  repre- 
sents the  core-bar  with  its  pivots  at  the  ends,  and  the  vent-holes 
scattered  over  its  surface.  Fig.  4  shows  the  loam  board  employed 
in  constructing  the  core  of  the  pipe.  It  will  be  observed  to  follow 
the  outline  of  the  core.  Fig.  1,  in  like  manner,  represents  the 
loam  board  that  would  be  required  to  form  the  pipe  itself,  Fig.  2, 
were  there  no  wood  pattern  of  it.  In  such  a  case  an  additional 
coat  of  loam  is  run  by  means  of  it  upon  the  core.  In  this  way  it 
is  evident  a  loam  pattern  is  at  once  formed.  In  setting  the  board* 
the  parts  a  a.  Fig.  1,  will  apply  to  the  same  parts  a  a.  Fig.  3, 
which,  in  so  &r,  serve  for  a  gauge.  The  misplacing  of  them 
exactly  opposite  each  other  is  to  be  guarded  against,  as  there  is 
not  the  same  security  for  their  being  correctly  placed.  Before 
receiving,  however,  the  additional  thickness,  the  core  must  be 
washed  over  the  surface  with  charcoal  and  water,  that  the  thickness 
may  be  easily  separable  afterwards,  and  also  thoroughly  dried  in 
the  stove.  In  the  mean  time,  having  finished  and  dried  the  loam 
pattern,  it  receives  in  like  manner  a  wash  with  charcoal  water,  and 
is  ready  to  be  moulded.  This  being  done  in  the  usual  manner,  the 
thickness  is  peeled  off,  and  the  naked  core  replaced  in  the  mould. 
To  aid  the  stiffness  of  the  core,  steeples  are  planted  here  and  there 
over  the  surface  of  the  mould,  as  explained,  which  resist  any  undue 
tendency  of  the  core  on  one  side  or  another.  Fig.  6  is  a  cross- 
section  of  the  body  of  the  core.  There  are  three  concentric  pUes, 
the  inmost,  which  is  the  core-bar,  with  several  vent-holes  in  section, 
and  the  cross  knee  at  the  end ;  the  next  the  hay,  and  the  external 
coat  is  the  loam.  Fig.  9  is  a  sketch  of  one  of  the  iron  tresses  used 
in  the  work. 

All  wood  patterns  of  pipes  are  constructed  in  two  halves,  which 
have  two  or  more  pins  in  the  one  entering  corresponding  recesses 
in  the  other,  to  prevent  their  shifting  when  put  together  and 
moulded.    In  proceeding  to  mould  a  pipe,  a  laying-down  board  m 
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usually  employed,  wluali  is  eimply  a  rtrught  pteoe  of  wood  as  long 
and  as  vide  as  the  mooHing  box.  Upon  this  board  one  balf  of  the 
pipe  is  laid  with  the  flat  aide  down,  the  box  ia  placed  over  it,  and 
rammed;  the  whole  is  inverted  and  the  board  lifted  off.  The 
remaining  half  of  the  pipe  ia  set  upon  the  imbedded  half,  and  the 
upper  bene  over  it,  and  linked  to  tiie  under  one;  the  upper  box 
being  rammed,  the  patteme  are  loosened,  as  we  baTe  in  other  parts 
deecribed,  and  longitodinally  alao  by  blows  npon  the  ends.  The 
boxes  being  parted,  the  patterns  removed,  mid  the  moulding  black- 
waahed  with  blackening,  the  core  is  set  in  and  the  box  doeed. 
Small  pipes,  when  there  are  sereml  to  be  east,  are  nsnally  moolded 
in  paitB  in  one  box,  when  green  sand  is  employed  as  a  moulding 
material.  The  metal  is  poured  in  at  one  entrance,  which  branohea 
to  each  moulding ;  abortty  after  which  streams  of  aqueous  Tapoar 
mixed  with  hydrogen  and  other  gases,  arising  &om  the  imperfect 
combustion  of  the  charcoal  and  hay,  are  e:q)elled  from  the  extre- 
mities of  the  core-bars,  sometimes  resolving  therosdvee  into  lumi- 
nous jets.  Soon  after  the  metal  is  ponred,  Ute  castings  are  toned 
out  to  cool ;  after  which  the  core-bars  are  drawn  from  them,  which 
B  a  comparatively  easy  task,  as  the  hay  has  been  for  the  moet  part 
omsumed,  and  of  course  occupies  less  bulk.  Long  small  rods  of 
iron  are  next  introduced,  with  scrapers  formed  on  the  ends  of  them, 
and  they  are  drawn  from  end  to  end  to  clear  the  interior  of  the 
pipe  of  the  remaios  of  the  core. 
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pipe  terminate  in  a  flange,  the  flange  having  been  moulded  in  its 
place,  a  half  flange  of  the  same  dimensions,  with  a  half  core-print 
on  it,  as  at  Fig.  8,  is  set  into  the  mould,  and  the  bearings  for  the 
core  made  up.  Small  perpendicular  branches  required  to  be  made 
upon  pipes  are  cast  either  horizontally  or  vertically,  as  best  may 
suit  the  form  of  the  box.  In  the  latter  case,  the  branch  pattern  is 
set  loose  upon  the  pipe,  projecting  upwards  between  the  ribs  of 
the  box,  and,  having  been  moulded,  it  is  drawn  out,  and  its  core  set 
in  upon  the  pipe-core,  and  the  whole  covered  in. 

Besides  straight  pipes,  others  have  often  to  be  cast  of  different 
forms,  requiring  peculiar  treatment.  In  arrangements  of  pipe 
works  there  is  usually  a  number  of  knees  or  bends  in  their  con- 
struction. These  bends  are  ordinarily  cast  separate  from  the  straight 
portions  of  pipe,  having  facets  upon  them  by  which  they  may  be 
afterwards  joined  to  the  pipes.  Fig.  10  is  a  longitudinal  section 
of  a  square  knee  in  a  line  of  pipes,  showing  the  method  of  junction 
by  spigot  and  &cet.  The  term  spigot,  it  may  be  as  well  to  observe, 
is  appUed  to  the  small  semicircular  ring  upon  the  plain  end  of  a 
pipe,  as  may  be  seen  in  Fig.  2 ;  facet  denominates  the  cup  mouth 
on  the  other  end  for  receiving  the  spigot.  There  are  usually 
patterns  and  core-boxes  for  pipe  bends  of  the  usual  square  knee 
shape,  in  which  case  they  are  moulded  in  green  sand.  In  the 
absence  of  patterns,  however,  for  these  and  for  other  varieties  of 
short  piping,  they  are  swept  up  in  loam,  the  core  within  the 
**  thickness." 

In  this  process,  the  first  point  is  to  have  a  level  iron  plate  set, 
upon  which  the  work  is  to  be  done.  Like  patterns,  the  loam  work 
is  to  be  formed  in  two  halves.  The  cores  are  executed  in  the  first 
place,  and,  when  dried,  the  thicknesses  forming  the  exterior  of  the 
casting  are  next  laid  on.  Fig.  12  represents  the  gauge  usually 
employed  in  forming  small  pipe  work.  As  already  said,  the  work 
is  done  in  separate  halves,  for  which  purpose  semicircular  cuts  are 
made  in  the  gauge,  of  which  one  is  smaller  than  the  other,  being  re- 
spectively the  measures  of  the  core,  and  of  the  additional  thickness. 

For  example,  suppose  a  bend.  Fig.  10,  is  to  be  constructed,  a 
small  square  rod  of  iron  is  bent  to  the  form  of  the  knee,  against 
and  along  the  side  of  which  the.  gauge  is  moved.  A  quantity  of 
loam  being  laid  on  the  plate  in  the  hne  of  the  pipe  to  be  formed, 
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tike  gange  in  its  pn^ieea  fitaltioniug  the  loam  to  its  own  form. 
Yfhea  the  two  half  ootgs  are  in  tliia  manner  swept  ap,  they  are 
well  dried  and  blackwasbed,  after  which  the  gauge  ia  inrerted,  and 
additional  loam  being  laid  on  for  thicknees,  it  is  likewise  shaped  to 
the  form  of  the  pipe.  The  jnnctbn  of  the  body  of  the  pipe  and 
beet,  which  are  of  difi^nt  diameters,  and  of  coarse  reqnire  different 
Bweepa,  is  scraped  out  by  a  file  when  the  loam  is  dried ;  the  head 
oa  the  end  of  the  fiM%t  is  either  formed  l^  a  pattern  applied  to  the 
moulding,  or  ont  ont  of  &.e  oope. 

The  loam  pattern  being  thus  completed  in  two  halves,  dried  and 
blackened,  it  is  bound  together  at  two  or  three  places  by  iron  wire^ 
and  bedded  half  into  a  sufficient  quantity  of  old  loam  mixed  with 
water  and  laid  over  the  iron  plate.  The  boundary  of  the  loam  is 
bnilt  np  with  &agmaitB  of  cake  loam.  The  bed  being  smoothed 
off  aa  each  ode  and  dried,  a  layer  of  the  same  watered  loam  is 
applied  to  coTer  in  the  npper  half  of  the  pattern,  Aa  this  npper 
layer  has  aflierwards  to  be  lifted  whole,  it  requires  to  be  streogUiened 
by  the  addition  of  irons.  With  this  view,  pieces  of  rod  iron,  aooiKn- 
modated  to  the  form  of  the  moulding,  are  laid  on  among  the  wet 
loam  transrersely  and  longitudinally,  and  boond  tc^ther  by  wires 
at  the  angles,  constituting  a  kind  of  skeleton  framework.  Fig.  13, 
for  the  oope,  as  it  is  termed,  or  npper  stnictnre.  The  irons  are 
then  covered  in  with  old  loam,  which  is  smoothed  over  them,  and 
the  whol'i  is  for  the  Inst  <itne  tboronr;h]v  (1rie<l. 
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For  some  small  pipes,  such  as  bends,  which  are  nniformly  cir- 
cular, circular  iron  plates  are  frequently  made  to  the  same  centre  on 
both  sides,  so  that  when  the  cores  are  swept  up  on  them,  they  Ue 
concentric  with  each  other.  The  edges  of  the  plate  will  therefore 
senre  for  guides  in  the  making  of  the  core.  For  this  purpose  the 
gauges  are  made  as  in  Fig.  11,  having  a  piece  of  wood  nailed  on 
and  projecting  downwards.  By  sUding  this  gauge  along  the 
interior  or  exterior  edge,  as  it  may  be  adapted  for  them,  the  pipe 
is  formed  as  before.  The  manner  of  moulding  and  casting  columns 
of  every  variety,  and  other  long  hollow  work,  is  essentially  the 
same  as  that  now  described  for  pipes ;  it  is  unnecessary  to  extend 
further  our  details  upon  these  articles. 

Cast  iron,  bronze,  or  steel  guns  are  moulded  in  the  way  just 
described.  Patterns  of  wood  are  not  often  employed,  as  it  is  worth 
while  to  construct  iron  patterns,  which,  when  turned  and  polished 
in  the  lathe,  always  preserve  their  figure  and  turn  out  good  moulds. 

As  it  is  desirable  to  have  these  iron  patterns  as  light  as  possible, 
consistent  with  the  straining  to  which  they  may  be  subjected,  they 
are  made  hollow  throughout.  It  is  then  the  business  of  the  moulder, 
in  the  first  place,  to  form  a  hay-and-loam  pattern  in  a  manner 
similar  to  that  in  ;hich  pipe  patterns  of  loam  are  made. 

As  it  is  of  great  importance  to  secure  solidity  to  gun-castings, 
they  are  made  without  bore,  and  with  an  additional  length  on  the 
muzzle  end,  which  is  provided  for  in  the  pattern.  When  the  mould 
is  formed  and  set  on  end  in  readiness  for  being  cast,  the  metal  is 
poured  into  it,  slowly  at  first,  increasing  in  flow  as  the  mould  is 
filled  to  the  top,  which  is  left  open.  Into  this  additional  portion, 
then,  all  the  sullage  rises  that  is  collected  during  the  course  of  the 
pouring,  leaving  the  body  of  the  gun-casting  generally  in  a  pure 
state.  The  moulding  sand  adheres  very  firmly  to  the  casting,  and 
requires  to  be  knocked  off  by  hammer  and  chisel  afterwards  in  the 
coarse  of  dressing. 

Guns  were  formerly  nearly  all  cast,  and  their  manufacture  formed 
a  large  feature  in  the  moulding  business ;  the  introduction  of  built- 
up  wrought-iron  guns  has,  however,  changed  all  this,  and  ordnance 
is  not  cast  as  it  used  to  be. 

It  is  important  to  observe  that  at  the  time  when  the  casting  is 
poured,  all  the  strength  of  the  core  is  required  to  resist  the  weight 
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of  the  fluid  metal,  but  as  soon  as  it  becomes  set,  the  conditions  are 
reverBed,  and  the  reostance  most  be  temored,  or  lesBeoed,  so  as  to 
allow  the  contraction  of  the  metal  in  cooling  to  proceed  without 
restraint. 

Id  the  case  of  a  large  cylinder,  for  instance,  a  few  honra  after 
pouring,  as  much  of  the  core  as  can  be  reached  is  brought  away,  so 
that  the  remainder  may  offer  leas  reeiatance  to  the  metal  This 
operation  is  mncb  facilitated  if  the  core  is  supported  by  strong 
diagonal  stays  and  ties,  which  can  be  easily  and  quickly  knocked 
oot  of  their  poeitionB,  as  the  heat  is  so  great  that  it  ia  impossible 
for  the  men  to  remain  long  at  work.  This  remoral  of  the  oore 
must,  however,  be  performed  with  great  caution,  as  if  an  entire  core 
were  removed  too  qnickly,  the  evil  to  be  guarded  against  wonld 
in  &ct  be  increased  by  the  sodden  cooling. 

Loam  moulding,  the  last  branch  of  the  art,  as  it  has  been 
treated  in  tbeee  pages,  now  falls  to  be  discussed.  As  already 
deeoribed,  the  peculiar  functions  of  the  loam  moulder  is  to  construct 
loam  patterns  and  mouldings  of  certain  cast-iron  work,  by  which 
the  mould  may  be  formed  vnthout  incurring  the  expense  of  the 
construction  of  a  wood  pattern  for  that  purpose.  In  numerous 
cases  the  loam  moulder  also  constructs  moulds  for  which  wood 
patterns  could  not  be  provided.  The  economical  employment, 
however,  of  loam  as  a  substitute  for  wood  patterns  and  sand,  is 
restricted,  in  general,  to  the  manufacture  of  the  more  regularly 
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necessary  to  provide  for  their  escape  throngli  the  material  of  the 
mould.  This  is  provided  for  in  the  porosity  of  the  mass,  which 
must  therefore  be  in  such  a  degree,  as  to  offer  a  transit  sufficiently 
free  to  the  gases  evolved,  while  the  mould  is  impervious  to  the 
metallic  fluid. 

To  fulfil  these  conditions,  the  materials  of  loam  are  principally 
clay  and  clean  sharp  sand.  These  elements  are  opposed  in  their 
nature,  and  operate  as  counteractives.  The  clay  is  the  binding 
element  from  which  the  loam  derives  its  firmness;  the  sand 
intermixed  with  it  modulates  its  closeness,  and  renders  the  loam 
open  in  the  grain.  Thus  both  these  elements  are  essential  in  the 
composition  of  the  substance.  Cow -hair  also,  obtained  from 
hides  of  cattle  by  tanning,  is  mixed  in  loam;  it  answers  two 
purposes.  In  the  first  instance,  while  the  raw  loam  is  being 
moulded  into  the  form  desired,  the  hair  assists  the  tenacity  of  the 
parts  of  the  loam,  which  is  often  largely  charged  with  water. 
Again,  when  loam  work  is  baked  in  the  stove,  which  for  cores  is 
raised  to  the  greatest  attainable  temperature,  the  hair  is  burnt  out 
of  the  loam,  and,  of  course,  leaves  its  own  empty  track.  The  mould 
is  thus  perforated  in  all  directions  throughout  by  these  artificial 
onuosities;  and  in  this  way  the  openness  of  the  mould  is  very  much 
increased.  Millseed,  saw-dust,  horse-hair  and  straw,  especially  the 
last,  are  also  extensively  used  in  the  formation  of  loam  cores.  It 
ought  to  be  understood  that  loam  cores  must  be  completely  dried  and 
burnt  before  they  can  be  serviceable ;  the  object  being  to  anticipate 
the  work  of  the  hot  iron  with  which  they  must  afterwards  come  into 
contact,  by  expelling  completely  their  humidity,  and  the  occasional 
gases  originated  by  the  burning  of  their  combustible  matter.  Were 
this  precaution  not  taken,  particularly  for  cores  much  confined, 
they  would  be  broken  up  by  the  sudden  generation  of  confined  air, 
which  could  not  escape  as  suddenly.  It  may  be  as  well  to  state 
here  that  the  general  results  of  the  action  of  melted  iron  on  the 
mould  are  carbonic  acid  and  oxide  and  carburetted  hydrogen.  In 
the  first  place,  the  carbon  constituting  the  blackening  used  in  all 
moulds,  and  the  coal-powder  in  green-sand  moulds,  seizes  and 
combines  with  the  oxygen  of  the  aqueous  particles  in  the  neigh- 
bourhood, forming  a  mixture  of  carbonic  acid  and  oxide ;  the  hydrogen 
of  the  water  thus  let  loose  combines  ^th  another  portion  of  carbon, 
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prodndng  cftrbiu<6tied  hyiiogsa,  vliich,  with  tlie  carbonio  oxide, 
borna  with  a  binish-jellow  Same  on  coming  into  contaot  with  the 
extomul  atmosphere. 

For  all  varieties  of  circiilar  bodies,  or  each  as  may  be  described 
round  one  azia,  a  wooden  board  is  cut  on  one  edge  to  the  exact  form 
of  the  object,  being,  in  &ct,  a  half  Bkeleton  of  its  outline.  If  the 
body  be  cored  out,  a  board  most  also  be  proTided,  cut  to  the  fbna 
of  the  interior  apace.  A  central  spindle  is  erected,  which  is  to 
repreeent  the  centre  of  the  body  to  be  moulded ;  to  this  apindle  one 
or  more  atmB  are  screwed,  provided  with  glands,  by  which  the  loam 
board,  as  it  is  termed,  is  set  at  the  proper  radial  distance  &om  the 
centre,  and  firmly  fixed  to  it.  The  whole  being  in  this  oonditioQ 
tamed  round  the  centre,  it  is  obvioos  that  the  figure  of  the  body 
will  be  described.  With  this  general  idea  we  shall  proceed  to  parti- 
cular description. 

I^rge  iron  pans  used  in  soda,  angar,  and  other  diemical  mami- 
bctores,  are  amongst  the  most  &miliar  examples  of  loam  moulding, 
and  as  they  are  in  themselves  instructive  specimens  of  this  kind  of 
work,  they  shall  be  selected  as  oar  first  illustration. 

Fig.  1 ,  Plate  XLV .,  is  a  general  view  of  a  common  shaped  sugar 
pan.  The  portion  a  h,  constituting  the  pan,  is  a  simple  spherical 
cone,  and  6  c  is  the  brim. 

The  pan  is  monlded  and  cast  in  an  inverted  poeiticm,  similar  to 
the  Irish  pots,  already  described.    In  the  first  place,  then,  a  cast- 
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interior;  and  farther,  has  an  additional  check  o,  which  turns 
ont  a  corresponding  knee  in  the  mould,  the  object  of  which  is  to 
support  the  overlying  part  of  the  mould  on  its  horizontal  sur&ce, 
and  to  act  afterwards,  by  its  vertical  surface,  as  a  guide  in  replacing 
the  mould.  Another  board  /,  is  in  the  same  way  cut  to  the  ex- 
ternal figure  of  the  pan,  with  a  check  precisely  similar  to  the  one 
in  the  board  e,  and  thus  it  will  act  as  a  guide  in  setting  the  second 
board. 

Fig.  3  is  a  vertical  section  of  the  work  in  the  first  stage  of  its 
progress.  Upon  the  ring  a'  a'  a  kind  of  dome  is,  in  the  first  place, 
built  of  bricks  and  loam,  generally  some  four  inches  thick.  The 
moulder  is  guided  in  the  construction  of  this  dome  by  the  interior 
loam  board,  sustained  by  the  spindle.  The  external  sur£EU2e  ought 
to  be  everywhere  about  two  inches  distant  &om  the  sur&ce  de- 
scribed by  the  board  e  e.  Before  building  up  the  dome  to  the 
crown,  coals  are  placed  in  the  floor  within  it,  which  are  afterwards 
kindled  for  drying  the  work.  The  crown  is  then  nearly  completed, 
leaving  only  a  small  space  round  the  spindle,  to  allow  of  ventilation 
when  the  combustion  within  is  going  on.  By  this  aperture  the 
moulder  is  enabled  to  manage  his  fire,  so  as  to  to  check  its  progress, 
if  necessary.  The  consumption  ought  to  be  very  slow,  so  as  to 
allow  of  the  heat  taking  effect  upon  the  entire  mas& 

Over  the  brick  dome  a  pasty  layer  of  core  loam  &  d  is  applied^ 
for  it  is  in  &ct  the  core  that  is  now  being  formed.  The  surface  is 
finished  off  by  a  smoothing  coating  of  wet  loam,  the  redundancies 
all  over  the  surface  being  swept  off  by  the  board  in  its  revolution. 
Upon  this  surfiEU^  the  inside  of  the  pan  is  cast.  The  fire  is  now 
kindled,  and  as  the  surfsioe  of  the  mould  becomes  dry,  it  is  painted 
over  by  a  brush  with  a  mixture  of  water  and  charcoal  powder, 
with  a  little  clay  additional  This  operation  prevents  adhesion 
between  the  surfitces  of  the  core  and  the  coat  of  loam  applied 
to  it. 

The  core  board  having  been  removed,  it  is  replaced,  as  in 
Pig.  4,  by  the  thickness  board  /,  Fig.  2,  of  which  the  edge  describes 
the  extenial  surface  of  the  pan,  and,  as  abready  remarked,  simply 
rubs  against  the  knee  formed  round  the  base  of  the  core.  Another 
layer  of  loam  a"  a"  is  then  spread  over  the  core,  and  is  rounded  off 
properly  by  the  board  similarly  to  the  core  itself.  When  well  dried 
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it  IB  blackwasbed,  as  was  done  to  the  oon.  The  upright  apmdla  is 
now  removed,  leaviog  tiie  email  Tait-h(dd  throngb  which  it  paaeed 
to  promote  the  complete  combustion  of  the  coaL  There  is  now  laid 
horizontally  upon  the  ears  of  the  platform  d'  d',  Fig.  4,  another 
platform  similar  to  the  former,  bat  sufficiently  large  to  pass  orer 
the  moulding  already  executed.  A  new  layer  of  loam,  two  inches 
thick,  is  laid  over  the  thickness  and  amoothed  by  hand.  Than, 
upon  the  second  platform,  a  brick  vanlt  is  constructed  as  before,  of 
which  the  inner  eur&ce  applies  to  the  new  coat  of  loam.  This 
ccmtracts  a  strong  adherence  witb  the  bricks,  which  absorb  a  part 
of  its  moisture,  while  the  coat  of  paint  preventa  its  adhesion  to  the 
thioknesB.     The  brick  and  loam  corering  are  named  the  oope. 

The  stmctnre  is  t^ns  completed  so  far  as  the  formation  of  it  is 
concerned.  The  whole  mass  must  now  be  thoroagbly  baked  by  the 
continuance  of  the  fire.  Stoves  are  preferred  to  internal  fires  where 
they  are  large  enough  to  receive  the  work.  The  intense  heat, 
however,  necessary  to  the  preparation  of  many  cores,  placed  in  con- 
fined parts  of  moulds,  is  not  essential  to  such  cores  as  the  above- 
described,  where  there  is  so  free  a  space  within  it  for  the  escape 
of  air. 

Cast-iron  bars  may  be  substituted  for  the  brick  forming  the 
cope.  These  "  irons  "  must,  of  coarse,  have  the  curved  form  of  the 
d(Mne  to  which  they  apply,  being  arranged  so  aa  to  converge  towards 
Ute  crown.     They  are  simply  mn  off  in  open  sand,  when  required, 
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knees  and  wedges,  embracing  the  rings,  the  whole  is  removed  to  the 
pit  in  which  it  is  sunk,  and  rammed  np  tightly  with  sand  by  iron 
rammers,  which  are  managed  by  half-a-dozen  or  more  men,  who 
walk  regularly  round  the  moulds,  keeping  time  with  their  rammers, 
and  dealing  heavy  and  light  blows  alternately,  while  one  or  two 
workmen  above  shovel  in  additional  sand  as  required.  Fig.  5  is 
a  vertical  section  of  the  pit,  showing  the  manner  in  which  it  is 
arranged.  A  space  suiSSciently  deep  is  first  cleared  out,  and  across 
the  bottom  a  passage  a*  a*  is  cut,  and  overlaid  with  plates,  having 
only  an  open  part  in  the  centre  which  connects  it  with  the  interior 
space  in  the  mould.  Two  pipes  c  Z,  c  Z  are  next  laid  in  against 
the  sides  of  the  pit,  communicating  with  the  channel  a*  a*.  When 
the  mould  is  lowered  into  its  position  in  the  centre  as  indicated,  and 
the  sand  rammed  about  it  in  the  way  already  described,  an  oblong 
shallow  trough-like  cavity  e  is  formed  in  the  surface  of  the  sand, 
one  end  of  which  opens  into  the  gate-hole  of  the  mould,  which  is 
closed  by  a  pin  while  the  ramming  is  proceeded  with. 

The  channel  a*  a*  and  the  pipes  fulfil  the  very  important 
purpose  of  venting  the  air  confined  in  the  hollow  space,  together 
with  what  is  forced  through  the  substance  of  the  core  when  the 
metal  is  poured.  Now,  as  a  large  quantity  of  inflammable  gas  is 
driven  off,  its  union  with  the  atmospheric  air  in  the  chambers 
below  forms  a  dangerous  explosive  mixture,  which,  rushing  out  of 
the  openings  II,  might  be  inflamed  by  accident,  and,  if  not 
prevented,  would  blow  up  the  whole  work  with  irresistible  force. 
To  prevent  such  an  occurrence,  the  vents  are  stopped  Bill  with 
plugs  of  straw  or  mill  waste,  or  simply  covered  with  pieces  of  fine 
wire  sieve,  the  gas  passing  through  these  before  being  exposed  to 
any  accidental  inflammation,  security  &om  explosion  is  rendered 
certain,  as  flame  cannot  pass  through  their  interstices.  The 
principle  alluded  to  is  familiar  to  all,  as  exemplified  in  the  Davy 
lamp,  in  which  the  flame  in  the  interior  is  intercepted  by  a  wire- 
gauze  medium. 

When  the  metal  has  been  poured,  and  has  well  set,  the  casting 
is  cleared  out  as  quickly  as  possible,  as,  on  account  of  the  contraction 
it  undergoes,  it  is  apt  to  gain  upon  the  core.  Confined  cores  are 
always  broken  up  as  soon  after  casting  as  may  be,  especially  when 
their  form  is  calculated  to  resist  great  compressive  force. 


■Mi  TOUVDISa  AND  OiSTINa. 

When  the  object  to  be  moulded  presents  more  complicated 
fbrms  than  the  one  now  choeen  for  the  sake  of  illastiation,  it  ia 
always  by  analogous  piooeeses  that  the  -workmen  constmcts  his 
loam  moolds,  but  his  sagacity  must  hit  npon  modes  of  ezecnting 
many  things  which  at  first  sight  appear  to  be  scarcely  possible. 
Thus  when  the  forma  of  the  interior  and  exterior  do  not  permit  the 
moulds  to  be  separated  in  two  pieces,  it  is  divided  into  aereial, 
which  are  nicely  fitted  with  adjusting  pins.  More  than  two  cast- 
iron  rings  or  platforcos  are  sometimes  necessary.  When  orals  or 
angular  anr&ces  are  to  be  traced  instead  of  those  of  revolution,  no 
upright  spindle  is  employed,  bnt  wooden  or  cast-iton  goidee  made 
on  purpose,  along  which  the  pattern  cnt-oat  board  is  slid  according 
to  the  drawing  of  the  piece.  In  addition  to  brick  work,  iron  wires 
or  cUws  are  often  interspersed  throagh  the  work  to  increase  its 
adbeaon.  When  parts  of  a  monld  are  higher  than  that  portion 
immediately  under  the  gate,  flow-gates  are  nsnally  adapted  to  such 
parts,  by  which  they  may  be  relieved  of  the  impurities  that  would 
be  apt  to  lodge  there.  Such  a  case  is  that  of  a  flattish  bottomed 
boila*,  of  which  the  bottom  is  hollow  externally. 

Our  second  example  of  loam  monldings  shall  be  that  of  a  lai^ 
steam  cylinder.  Fig.  1,  Plate  XLYI.,  is  a  side  elerstion  of  one ; 
Fig.  2  is  a  sectional  elevation ;  Fig.  3  represents  a  horizontal  section 
taken  throngh  the  centre  of  the  exhaust  steam  passage ;  a  a  are  the 
steam  passages  to  the  cylinder,  &  i  the  exhaust  passage,  all  uniting 
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line  is  fonned  in  the  first  place  by  an  interior  loam  board  cut  to  the 
form  on  the  outer  edge.  Thns^  the  cope  is  first  constructed,  after 
which  it  is  removed,  and  on  the  same  centre,  the  core  or  interior 
outline  is  formed  by  an  external  loam  board  cut  on  the  inner  edge 
If  the  cope  be  replaced  concentric  with  the  core,  they  will  include 
between  them  a  vacant  space,  being  the  exact  figure  of  the 
cylinder.  Fig.  6,  Plate  XLVL,  represents  the  two  first  stages  of 
the  work ;  the  core-ring  a'  a\  seen  in  section,  being  of  the  dimen- 
sions necessary  for  the  work,  is  first  laid  down  concentric  with  the 
spindle  h\  and  levelled  off  the  ground  upon  blocks.  To  the  arm  c\ 
projecting  from  the  spindle,  the  loam  board  d!  is  fixed  by  glands 
embracing  two  arms  nailed  upon  it.  This  board  is  cut  to  form  the 
bearing  el  of  brick  and  loam  for  the  core,  the  bearing  acting  also  by 
its  sloping  edge  as  a  guard  in  closing  the  mould. 

Its  upper  surfeu^  now  forms  the  lower  side  of  the  cylinder 
flange.  The  board  is  then  altered  as  shown  at  f  on  the  opposite  side, 
so  as  to  form  the  flange  t,  which  is  made  simply  of  loam.  This  is 
the  second  stage  of  the  work,  and  the  flange  must  be  dried  like  the 
bearing  before  it,  to  prepare  for  the  next  stage.  It  is  necessary 
to  form  the  flange  singly,  to  be  an  additional  bearing  upon  which 
the  superstructure  is  founded.  If  it  were  cut  at  once  out  of  the 
cope,  the  overhanging  loam  must  give  way. 

The  arm  c'  is  now  ahifted  up  along  the  spindle  sufficiently  high 
for  the  next  operation  represented  at  Fig.  1,  Plate  XLYII.  A  loam 
board  d  is  cut  to  the  form  of  that  part  of  the  cylinder  included 
between  the  extreme  flanges,  these,  themselves,  as  we  have  stated, 
being  made  of  loam  and  wood.  The  board  includes  the  exterior 
outline  of  the  circular  exhaust  passage ;  and  it  will  be  seen  that, 
when  set  in  motion,  it  touches  the  flange  at  the  bottom,  and  a 
horizontal  piece  I  projects  from  it  to  the  top,  to  sweep  a  flat  surface 
on  the  cope,  upon  which  the  square  flange  is  to  be  laid.  The  arm 
d  is  assisted  in  holding  the  board,  by  two  pieces  of  iron  at  the 
bottom,  screwed  together  upon  the  spindle  and  the  board,  the  cope- 
ring  h  having  been  laid  down  upon  the  core-ring  a!  a!,  surrounding 
the  bearing  6,  with  a  little  space  between  them.  The  steam-way 
pattern,  Figs.  4  and  5,  is  set  in  its  place  in  an  inverted  position, 
resting  on  the  flange  t.  Its  precise  position  will  be  ascertained  by 
the  loam  board,  which  ought  to  touch  it  when  it  passes  round.    The 
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building  is  commenced  npon  the  oope-iing ;  and  having  heen  taised 
npon  the  flange  t,  another  ring  k  ib  bedded  on  the  bnilding,  lying 
near  into  the  loam  board,  wittt  a  segment  cut  ont  of  it  anfficient  to 
clear  the  steam-way  patterns  on  both  aides.  Upon  this  ring  the 
building  is  oontinoed  till  near  the  nnder  side  of  the  exhanst  passage ; 
at  which  place  a  similar  ring  p'  is  bedded  on  the  stractnre,  orer- 
bangiDg  it  sufficiently  to  sostain  the  building  round  the  passage,  at 
which  place  it  is  greater  in  diameta*.  Haring  boilt  np  the  height 
of  the  passage  indicated  by  the  board,  a  layer  of  loam  cm  the  top 
is  swept  flnsh  with  the  npper  side  of  the  projection,  by  means  of  a 
stick  nailed  on  the  board.  This  forms  a  parting  Bnr&ce,  by  which 
the  cope  is  diyided  into  two  parte,  the  necessity  of  which  is  apparent 
on  considering  the  method  of  placing  the  cores  for  the  exhaust 
passage.  After  blsckwaahing  the  snr&oe,  a  third  ring  m,  with 
projecting  annge  on  its  rim,  is  laid  over  it,  being  faced,  however, 
with  a  layer  of  loam  to  protect  it  from  the  melted  iron.  The 
bnilding  is  continoed  npon  this  plato  till  it  reaches  the  top,  when  it 
is  succeeded  by  another  plato  n,  of  a  sqnare  external  form,  and 
somewhat  larger  than  the  square  base  plato  of  the  casting  im- 
mediately over  it.  The  bnilding  is  finally  carried  np  to  the 
horizontal  piece  I,  which  smooths  ofiT  the  apper  sar&ce  with  loam. 
It  will  be  remembered  that  the  moold  is,  on  cme  ode,  cnt  longi- 
tudinally throughout  by  the  pattern  of  the  eteam-ways.  On  that 
side  therefore  it  has  to  be  completed ;  this  object  is  attained  by 
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Moulding  the  core  is  an  operation  comparatiyely  easy,  as  it  is 
a  simple  cylinder  of  brick  and  loam.  In  the  first  place,  as  the  loam 
flange  t  has  formed  its  impression  on  the  interior  mould  nnder  the 
plate  i,  it  is  of  no  farther  nse,  and  is  therefore  broken  away, 
leaving  the  bearing  dean  to  receive  the  core,  as  represented  on  the 
right  side  of  Fig.  1 ,  Plate  XLYII.  o  is  the  loam  board  in  its  proper 
position  for  working,  having  its  inner  edge  set  parallel  to  the 
spindle,  and  to  the  diameter  of  the  cylinder  required,  and  simply 
£sed  to  the  arm  at  the  top.  A  cylinder  of  brickwork  jp  is  first 
built  up,  being  everywhere  an  inch  or  so  clear  ci  the  board.  A 
ooat  of  loam  is  next  laid  on  as  usual,  to  fill  up  the  clearance  and 
complete  the  core.  The  board  and  the  spindle  being  removed,  the 
work  is  lifted  away  to  the  stove,  on  the  core-ring  aV,  by  the  snugs 
upon  its  rim. 

The  next  business  of  the  moulder  is  the  formation  of  the 
smaller  cores,  which  are  to  form  the  winding  steam  passages  to  the 
cylinder,  of  which  there  are  three ;  the  two  supply  passages  a  a, 
uid  the  exhaust  passage  h  The  two  former  being  of  the  same 
shape,  may  be  formed  from  one  core-box,  seen  in  plan  and  section, 
Figs.  2  and  3,  Plate  XLYIL,  for  such  kinds  of  cores  are  usually 
formed  on  three  sides,  and  open  on  the  fourth  side  to  admit  the 
material,  which  is  shaped  off  on  this  side,  by  the  edge  of  a  piece  of 
wood  cut  to  the  contour  of  the  core,  and  drawn  along  upon  the  sides 
of  the  core-box  as  guides.  The  core  for  the  exhaust  passage  is  partly 
drcular,  and  partly  otherwise  at  the  ends.  Its  formation  is  thus 
more  complicated  than  that  of  the  other  cores.  It  is  made  in 
three  parts ;  the  centre  part  annular  to  embrace  the  cylinder,  and 
formed  by  a  loam  board,  and  the  terminations  made  in  core-boxes, 
and  fitted  to  the  other.  Fig.  4,  Plate  XLYII.,  is  a  vertical  view  of 
the  method  of  making  the  annular  core.  It  is  built  upona  portable 
square  table  convenient  for  small  circular  work  generally,  as  it  may 
be  conveyed  to  the  stove  without  the  necessity  cS,  diifting  the 
centre.  The  spindle  turns  by  a  ccmical  pivot  on  its  under  end, 
moving  in  a  socket,  which  is  the  only  staying  it  requires.  A 
block  a"  a"  is  first  prepared,  being  a  plain  built  ring  of  which  the 
exterior  is  smoothed  with  loam,  and  is  made  exactly  to  the  mterior 
diameter  of  the  core  and  to  the  same  depth.  The  core,  seen  in 
section  at  h"y  is  run  upon  the  outside  of  the  block  to  the  necessary 

q2 
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thickness,  in  the  conise  of  whicli  two  wrought-iron  angnlor  rods 
aie  imbedded  to  the  core  to  impart  their  tbickneea  to  it.  At  V 
is  ahowQ  the  TalTe>boe  portion  of  the  core,  of  which  k'  ia  the  box, 
in  section,  for  making  it  The  toond  core  for  the  short,  straight 
passage  d,  Fig.  5,  is  made  of  loam,  being  nui  up  on  a  short  iron 

In  the  making  of  theee  small  cores,  as  in  those  of  green  sand,  it 
is  necessary  that  they  be  strengthened  with  iron  rods  bent  to  their 
form,  ao  as  to  pass  through  the  heart  of  them,  and  finished  with  eyea 
at  their  outer  extremities,  for  locking  to  the  bce-plata  An  open 
passage  rmining  through  each  core  is  formed,  as  in  green-eand 
cores,  by  laying  pieces  of  cord  along  the  irons.  These  passages 
are  of  great  importance,  as  npon  them  depends  the  escape,  through 
the  openings  in  the  face-pUte,  of  the  oth^-wise  confined  tux  existing 
in  the  monld,  while  the  metal  is  being  nm.  The  too  close  prox- 
imity of  theee  passages,  at  any  point,  to  the  sarfaoe  of  the  cores  most 
be  well  gnarded  against.  In  such  a  case,  the  melted  metal  in 
contact  with  the  core  breaks  into  the  interior  of  it,  and  intercepts  the 
air  in  its  escape,  which  aggravatee  the  evil,  by  forcing  it  into  the 
body  of  the  metal,  and  thus  rendering  the  casting  misoUd,  The 
accident  even  assomes,  in  some  cases,  a  more  serions  aspect,  by 
causing  such  an  agitation  in  the  metal  as  to  render  the  cast  utterly 
useless ;  indeed,  we  have  even  se^  the  metal  already  poured,  almost 
wholly  expelled  from  the  mould,  and  sent  in  showers  through  the 
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dressed  and  smoothed  where  necessary^  and  finished  wiih  a  coat 
of  ooal-powder. 

Fig.  5,  Plate  XLYII.,  is  a  yertical  section  of  the  whole  monld, 
showing  all  the  parts  fitted  to  one  another,  so  as  to  contain  among 
themselves  the  vacant  space,  indicated  by  a  white  ground,  into 
which  the  metal  is  delivered.  The  mode  of  depositing  and  putting 
together  the  mould  is  as  follows :  the  main  core  p  jp  is  lowered 
upon  its  rings,  from  which  it  is  never  separated,  into  a  pit  dug  in 
the  fioor  of  the  foundry,  sufficiently  deep  to  receive  the  core  below 
the  surface.  The  exhaust-passage  core,  is  next  deposited  in  Its 
exact  position  in  its  place  on  the  top  of  the  lower  part  of  the  cope, 
being  sustained  in  the  usual  manner  off  the  core  by  chaplets  made 
of  two  pieces  of  strong  hoop-iron,  riveted  on  the  ends  of  two  studs, 
so  as  to  have  the  necessary  thickness  of  spaca  The  lower  part  of 
the  cope  thus  furnished,  is  next  lowered  over  the  main  core  into  its 
place  upon  the  core-ring,  thus  surrounding  the  core,  and  containing 
vrith  it  a  space  between,  as  indicated  in  the  figure.  Another  set  of 
chaplets  are  deposited  upon  the  exhaust  core,  which,  by  being  in 
contact  with  the  upper  half  of  the  cope  when  placed  above,  prevent 
the  core  from  floating  off  its  seat  when  immersed  in  the  flowing 
metal  This  is  a  matter  of  greater  moment  than  sustaining  the 
core  from  below,  as  will  be  apparent  on  considering  the  great 
difference  of  specific  gravities  of  dry  loam  and  iron.  In  this  case 
the  upward  effective  pressure  of  the  fluid  metal  upon  the  core,  is 
proportional  to  the  difference  of  their  specific  gravities,  which  being 
so  much  in  favour  of  iron,  the  pressure  upwards,  sustained  by  the 
chaplets,  cannot  be  much  less  than  the  weight  of  a  body  of  iron  of 
the  same  bulk  as  the  core.  Therefore,  as  a  safe  general  rule, 
chaplets  are,  or  ought  to  be,  made  of  sufficient  strength  to  resist  the 
weight  of  a  body  of  iron  equal  in  bulk  to  the  core,  for  the  support 
of  which  they  are  destined. 

The  upper  part  of  the  cope  having  been  let  down  into  its  place, 
the  fiu^e-plate,  with  its  cores  fixed  to  it,  Fig.  6,  is  let  down  in 
front  of  the  vacancy  in  the  side  of  the  cope,  till  it  arrives  at  the 
proper  height,  when  it  is  set  dose  into  its  place,  and  the  end  of 
the  exhaust  core  receives  b\  through  the  middle  opening  in  the 
plate,  and  is  secured  on  the  outside  by  the  eye.  The  branch  core 
d  is  then  set  in  and  supported  on  chaplets,  and  over  it  a  ring  or 
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eake  of  loom  m  I,  seen  in  section  in  the  fignie,  is  plwed,  bong 
Btzangtiiened  internally  with  iron,  like  the  cores.  The  cake  of 
loun  fbnna  by  its  inner  surface  the  onter  sorface  of  the  flange. 

The  mould  being  all  finished  below  the  top,  the  jnt  sand  is 
rammed  tightly  roond  it,  to  enable  it  to  withstand  the  preesore  of 
the  metal,  air-rente  being  provided  in  a  manner  similar  to  those  fcur 
the  pan  aJieady  deeoribed.  The  top  plate  r  r  is  laid  on  lastly,  holes 
being  provided  in  it  for  the  sdmiamon  of  the  metal  It  is  covered 
in  with  Buid,  throogh  which  paanges  are  led  np  to  tarm  the  holes 
to  the  external  snr&oe  as  numerB  or  gates. 
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CHAPTER  XIV. 

PLATE  moulding;   MOULDINa  MACHINES. 

Where  a  very  large  number  of  small  articles,  such  as  door  and 
coffin  furniture,  the  ornamental  nails  used  by  upholsterers,  small 
working  parts  of  agricultural  machines,  sewing  machines,  and  the 
like,  are  required,  they  are  almost  always  plate  moulded.  Besides 
its  employment  in  the  production  of  an  infinite  variety  of  the  small 
ware  of  the  hardware  trade,  plate  moulding  has  certain  advantages 
which  recommend  themselves  to  the  notice  of  the  mechanician.  As 
a  matter  of  common  occurrence,  it  is  well-known  that  in  removing  the 
pattern  firom  the  sand,  much  damage  is  caused  both  to  it  and  its 
impression  in  the  sand  by  knocking  and  shaking  it,  in  order  to  get  it 
out.  This  damage  is  very  much  more  serious  in  small  pieces  than 
in  large  ones.  The  mechanical  engineer  tries  to  obtain  all  his 
castings  so  correct,  that  there  is  Uttle  or  no  hand  labour  required 
for  fitting  them  into  the  framework  intended  for  them.  This  can 
only  be  done  in  some  instances  by  resorting  to  plate  moulding 
where  the  pattern  is  in  such  a  position  as  to  defy  injury  by  shaking. 
This  kind  of  moulding  is  most  essential  where  every  opening  or  pro- 
jection has  to  be  at  a  proportionate  distance  from  the  other. 

In  commencing  the  operation,  a  pattern  or  pattern  plate  of  the 
articles  to  be  cast  from  is  prepared,  either  in  iron,  wood,  or  any  other 
suitable  material,  in  the  following  manner : — The  pattern,  prepared 
with  an  allowance  for  the  thickness,  is  placed  upon  a  suitable  board, 
set  upon  a  deep  and  soUd  bed  of  sand.  A  moulding  box,  about  6  inches 
larger  than  tiie  pattern  every  way,  is  then  placed  upon  the  board ; 
the  pattern  being  set  fiedr  in  the  middle,  it  is  rammed  up  and  turned 
over  another  solid  bed  of  sand ;  the  board  is  then  removed  and 
the  parting  carefully  made.  The  top  part  of  the  box  is  then  put 
on  to  the  part  already  rammed  up,  which  is  the  drag ;  the  gate 
pins  are  put  in  suitable  places,  and  this  also  is  rammed  up. 

The  two  parts  are  then  separated,  and  a  frame  of  wood,  about 
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it  inch  thick  aod  I^  inch  broad,  is  placed  on  the  putiiig,  keepug 
tiie  pattern  Eur  in  the  middle.  The  onteide  of  the  frame  is  made  ap 
firmly  with  suid,  so  as  to  resist  the  pressore  of  the  metal ;  a  piece 
of  iron,  the  same  thickness  as  the  frame,  2  inches  broad  and  aboat 
4  inches  long,  is  placed  on  each  comer  of  the  Tmder  part  of  the  box 
01  drag,  BO  that  when  the  top  part  is  placed  on  it,  it  will  be  raised 
up  the  thicknees  of  the  frame. 

The  frame  and  patterns  are  then  ranoved,  and  the  mould  is  care- 
folly  finiehed.  The  top  part  is  aflerwaids  placed  upon  the  nnder 
part  of  the  box,  and  the  two  parte  are  eecnrely  &stened  together ; 
the  metal  is  then  poored  into  the  monld,  and  the  pattern  plate  is 
prodaced ;  this  plate  is  formed  with  fonr  cheeks  on  it,  which  are  filed 
and  &ced  to  ensure  accuracy  in  the  monlding.  The  pattern  plate 
b^g  cast  in  the  manner  aWe  described,  it  is  cleaned  np  and  fitted 
to  the  moulding  boxes,  the  pins  and  enoge  of  which  and  checks  in  the 
plate  being  all  fitted  exactly  to  one  another.  The  pattern  plate  may 
be  naed  singly,  that  is,  it  may  be  tmned  over  with  the  top  part  and 
drag  of  the  monlding  box,  or  two  plates  may  be  made,  the  face  im- 
pression being  taken  off  one  plate,  and  the  back  impreesicKi  oS  a 
difierent  plate,  ^hen  two  plates  are  osed,  each  plate  must  be 
accnrately  fitted  and  secured  to  a  frame,  which  may  be  constructed  of 
wood  or  iron,  and  fnmished  with  guides,  corresponding  with  the 
pins  and  snugs  of  the  monlding  boxes.  The  pins  of  the  monlding 
boxee  may  be  either  simply  £aced,  or  steel  fitting  stripe  can  be 
inserted  into  grooveB  formed  in  them  by  mandrils. 
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opposite  sides  of  the  plate,  the  half  patterns  east  on  one  side  of  the 
plate,  may  be  used  for  moulding  the  half  patterns  to  be  cast  on  the 
opposite  side  of  the  plate.  By  this  means,  great  acenracy  in  the 
positions  of  the  half  patterns  on  opposite  sides  of  the  plate,  is 
obtained.  This  ingenious  method  was  introduced  by  Messrs. 
Chamberlain  and  Smith. 

The  half  patterns  cast  upon  one  or  on  opposite  sides  of  the  plate 
may  be  made  of  iron  instead  of  tin.  In  this  case,  an  xmcoated  iron 
plate  is  used,  and  on  this  iron  plate  the  half  patterns  and  gates  are 
cast.  After  the  casting  process,  the  plate  with  the  slightly  attached 
castings  upon  it,  is  plunged  for  a  short  time  in  a  bath  of  melted  tin, 
the  whole  becomes  coated  with  tin,  and  the  other  patterns  are 
firmly  attached  to  the  plate. 

When  the  patterns  and  plate  are  made  in  one  piece  by  casting, 
the  half  patterns  are  moulded,  and  the  half  mould  is  placed  in  an 
open  casting  box.  By  pouring  fused  metal  into  the  open  box  a 
plate  of  the  required  thickness,  with  the  half  patterns  upon  one  face 
of  it,  is  produced.  When  the  half  patterns  are  to  be  produced  on 
opposite  sides  of  the  cast  plate,  two  half  moulds  are  taken  and  so 
adjusted  that  the  distance  between  them  is  equal  to  the  thickness  of 
the  plate  to  be  cast.  By  the  casting  process  a  pattern  or  moulding 
plate  is  produced  haying  the  half  patterns  on  opposite  sides. 

Rg.  1,  Plate  XL VIII.,  represents  a  plan  of  a  metallic  pattern 
or  moulding  plate  made  in  either  of  the  ways  described;  and 
Figs.  3  and  4  are  edge  views  of  the  same  taken  at  right  angles  to 
one  another.  The  pattern  plate  is  here  represented  as  made  with  a 
number  of  half  patterns  on  opposite  sides,  for  moulding  a  series  of 
gas  fittings.  The  gates  of  the  half  patterns  are  marked  a,  and 
Uie  core -prints  of  those  articles  which  are  to  be  cored  ce. 
Holes  are  made  at  the  comers  of  the  plate. 

In  order  to  obtain  great  accuracy,  the  fsuxB  of  the  moulding  boxes, 
which  bear  against  the  pattern  plate,  are  planed  very  truly,  and  in 
addition  to  the  ordinary  pegs  and  snugs  on  the  half  moulding 
boxes,  for  holding  them  tightly  together  during  the  moulding  and 
casting  operations,  in  the  comers  of  the  half  moulding  boxes,  holes 
are  made,  which  take  upon  studs  or  projections  on  the  comers  of 
the  other  half  moulding  box.  When  the  pattem  plate  is  placed 
upon  the  lower  half  mould,  the  studs  or  projections  take  into  the 
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holes  in  the  corners  of  the  patt«m  plate,  and  the  positioii  of  the 
plate  is  thereby  acearately  and  readily  determined.  When  the 
pattern  plate  haa  thoB  been  fitted  opon  the  half  moulding  box,  the 
npper  half  monlding  box  is  placed  upon  it  and  fixed  by  the  pega 
and  snugs,  when  the  sand  is  rammed  in  and  the  pattern  moulded 
from  the  upper  Bide  of  the  pattern  plate  in  the  ordinary  maoner. 

Having  moulded  the  required  namber  of  half  moulds  from  the 
upper  &(»  of  the  pattern  plate,  the  moulding  boxes  are  inverted,  and 
half  moulds  are  now  moulded  from  the  opposite  &ce  of  the  plate. 

For  some  articles,  such  as  brass  nails,  plates  with  holes  in  them, 
for  the  pattern  to  go  through,  and  also  polled  out  by  means  of 
leverage,  are  much  in  vogue. 

The  expense  incurred  in  the  first  place  in  patterns  for  phita 
moulding  is  rather  large,  bat  so  much  can  be  done  by  the  plates,  of 
which  many  duplicates  can  be  in  use  at  the  same  time,  that  it  has 
oome  into  very  general  use,  as  year  by  year  tiie  machiniets  reqnire 
better  casts  at  decreased  prices. 

The  mode  of  producing  moulds  by  employing  a  plate  having  a 
passage  through  it  ezaoUy  fitting  the  pattern,  has  long  been 
practised  in  England.  The  plate  is  arranged  on  a  table,  and 
covered  by  a  box ;  sand  is  rammed  around  the  pattern,  whidt  at 
that  time  is  caused  to  project  up  above  the  sm^ace  of  the  plate, 
and  the  pattern  is  subsequently  withdrawn,  through  the  hole  or 
passage.     In  many  cases  the  preparation  of  the  plate,  just  described. 
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smallest  possible  space,  and  this  is  more  particolariy  the  case  in 
towns  where,  as  a  role,  land  is  especially  valuable.  Moulding  is  an 
operation  requiring  considerable  space,  and  with  a  view  of  limiting 
this  as  much  as  possible,  moulding  machines,  for  work  inyolying 
much  duplication,  have  been  extensiyely  employed.  In  addition, 
such  machines  efifect  neatness  and  cleanliness  in  carrying  on  the 
work,  and  in  a  measure  obviate  the  necessity  for  employing  very 
skilled  labour ;  while  the  increase  in  the  rate  of  production  affords 
the  most  economical  results. 

Such  a  mode  of  moulding  as  that  of  Jobson's,  described  on  p.  1899 
is  a  step  in  this  direction ;  and  another  is  the  process  introduced  by 
John  Downie  in  1856  for  moulding  pipes  and  hollow  cast  ware,  and 
applicable  to  a  wide  range  of  articles,  generally  of  cylindrical  or 
spherical  form. 

The  internal  pattern  is  made  separately  in  core-boxes  or  oth«r- 
wise  in  the  ordinary  manner ;  but  the  pattern  for  producing  the 
external  portions  of  the  mould  is  fitted  with  a  cam,  in  the  form  of  a 
collar,  resting  upon  adjustable  bearings  in  the  framework  of  the 
table  on  whidi  the  moulding  flasks  are  rammed ;  a  portion  of  the 
cam  is  concentric  with  the  axis  of  the  pattern,  and  the  remainder 
eccentric  so  as  to  elevate  the  pattern  between  the  two  edges  of  the 
moulding  table,  and  withdraw  it  again  accurately  by  lowering. 

The  apparatus  employed  for  this  purpose  is  shown  in  Figs.  1  to  5, 
Plate  XL.,  which  represents  it  arranged  for  moulding  a  28-inch 
socket  pipe. 

The  moulding  table  B  has  two  edges  S  S  of  its  face,  shown 
dotted,  shaped  so  as  exactly  to  fit  the  pattern  T,  when  the  latter  is 
raised  with  its  axis  level  with  the  edges  S,  as  in  Fig.  4.  The 
pattern  is  fitted  with  a  cam  or  collar  U,  at  each  end  of  which  the 
portion  &om  Y  to  X,  is  concentric  with  the  axis  of  the  pattern,  and 
the  remainder  eccentric.  The  cam  U  rests  upon  the  adjustable 
bearing  Y,  and  the  axis  of  the  pattern  is  guided  by  vertical  slots  in 
the  ends  of  the  moulding  table.  On  causing  the  pattern  to  rotate, 
the  eccentric  portion  of  the  cam,  acting  on  the  bearing  Y,  gradually 
raises  the  pattern  till  it  bears  on  the  point  Y  of  the  cam,  when  the 
pattern  is  in  its  highest  position,  vrith  its  centre  line  level  with  the 
edges  S  of  the  moulding  table,  as  in  Fig.  4.  The  flask  Z  is  then 
placed  on  the  table  and  rammed  up  so  as  to  form  one  half  of  the 
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monld,  and  the  two  &cgb  B  B  of  the  table  form  the  porting 
snTface  of  the  mould,  being  made  ^r  for  this  purpose  by  planing, 
turning,  or  other  meana.  The  further  rotation  of  the  pattern  upon 
the  oonoenbio  portioa  of  the  cam  from  V  to  X,  retains  it  in  contact 
-with  the  mould,  and  thug  Bleeks,  smooths,  or  finishes  the  mould, 
tmtil  on  reaching  the  point  X,  the  pattern  is  giadn&Uy  withdrawn 
as  in  Fig.  5 ;  the  flask  Z  may  then  be  remored  without  danger  of 
injury  to  the  parting  or  junction  aor&ce,  ready  for  doaing  and 
casting  in  the  usual  manner. 

The  same  principle  has  also  been  adopted  for  making  corea  or 
internal  moulds,  by  employing  a  core  barrel  made  in  three  porticMis, 
two  of  which  are  hinged  upon  the  third ;  the  centre  spindle  is  fitted 
with  cams  of  the  form  abore  described,  which  act  upon  a  V-piece 
inserted  between  the  two  &ee  edges  of  the  core  barrel  By 
taming  the  centre  spindle  the  V-piece  ia  pushed  out  or  drawn  in, 
thereby  expanding  the  core  barrel  or  contracting  it  as  required ;  by 
this  means  the  use  of  straw  or  hay  in  core  making  is  dispensed  with. 

By  applying  this  method  to  moulding  three-legged  pots  and 
other  articles  of  this  description,  when  Beveral  pieces  of  the  mould 
are  put  together,  "  checks,"  such  as  are  commonly  required  in  the 
ordinary  plans  of  moulding  snch  articles,  for  protecting  the  paxtings 
of  the  moulds,  are  by  the  present  plan  entirely  dispensed  with,  and 
the  ugly  scar  left  by  them  on  the  casting  is  avoided ;  and  instead  of 
the  fiasks  being  required  in  four  pieces  to  form  the  mould,  three 
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balance  the  table  with  the  mould  upon  it,  leaving  it  free  to  tnm 
upon  the  axes.  The  table  tnms  half  round,  as  shown  by  the  two 
positions  in  Figs.  1  and  3,  being  prevented  from  turning  farther 
by  stops,  E  E,  upon  the  ends  of  the  moulding  table,  which  catches 
in  notches  on  the  top  of  the  frame  C.  On  the  top  of  the  table  A  a 
plate  F  is  fixed  by  screw-bolts,  carrying  the  moulding  box  G-, 
which  is  secured  upon  it  by  two  incUned  catches  with  handles  H  H, 
the  plate  F  forming  the  ranmiing  board  upon  which  the  pattern  I  is 
fixed,  and  the  moulding  sand  rammed  npon  it  in  the  ordinary  way. 
The  machine  is  shown  as  arranged  for  forming  8-inch  mortar-shells, 
the  pattern  I  being  a  hemisphere ;  any  other  pattern  or  form  of  flask 
within  the  limits  of  the  size  of  the  machine  can,  however,  readily 
be  employed,  the  only  preparation  requisite  being  to  fix  each  pattern 
upon  a  bottom  plate,  having  bolt-holes  to  correspond  vnth  those  in 
the  top  of  the  moulding  frame.  This  arrangement  is  so  simple,  that 
after  the  machine  has  been  moulding  shells,  it  can  be  changed  and 
got  to  work  again  at  moulding  railway  chairs,  or  other  articles, 
within  ten  mmutes'  time. 

As  soon  as  the  sand  is  rammed,  the  cover  plate  E  is  put  on  the 
box,  by  sliding  it  on  the  inclined  snugs  which  hold  it  fast ;  the 
whole  is  then  turned  over  with  the  moulding  table  into  the  reversed 
position,  as  in  Fig.  1 ;  this  being  effected  by  the  simple  pressure  of 
pushing  home  the  cover  plate  E,  since  the  whole  is  balanced  and 
turns  freely  upon  the  axes.  In  moulding  shells,  the  pattern  I 
is  then  withdrawn  from  the  mould,  sufficiently  to  make  it  clear  the 
sand,  by  means  of  the  screw  and  hand-wheel  L.  A  rising  platform, 
M,  which  slides  in  vertical  grooves  in  the  side  frames  C  G,  is  then 
brought  up  by  means  of  a  lever  0,  to  touch  the  cover  plate  of  the 
box  which  is  now  at  the  underside,  and  the  box  is  Uberated  from 
the  moulding  plate  by  releasing  the  two  catches  H  H,  simultaneously, 
by  means  of  the  second  handles  N  N,  fixed  on  the  other  ends  of  the 
spindles  for  this  purpose.  The  whole  is  then  in  the  position  shown 
by  the  dotted  liBes  in  Fig.  3,  and  the  platform  M  now  descends,  by 
means  of  the  additional  weight  upon  it,  to  the  bottom  position 
in  Fig.  3,  the  platform  being  counterpoised  by  the  balance  weights 
P  P.  The  mould  is  then  removed,  by  sliding  it  off  the  platform  on 
to  a  little  railway  placed  at  the  same  level,  and  the  machine  is  made 
ready  for  repeating  the  operation,  by  screwing  down  the  pattern 
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to  its  right  place,  and  tnming  hack  the  monldmg  tttfato  to  itr'''^ 
fonner  poeition,  ready  to  reoeire  a,  second  empty  box. 

The  prinoiplfl  oanied  out  in  this  machine,  of  turning  orer  the 
whole  monlding  table  with  the  monld  and  pattern  npon  it  ondis- 
tnibed,  has  the  effect  of  Baring  all  the  labonr  of  lifting  the  moulds ; 
so  that  boya,  who  are  enfficient  for  all  the  actual  moulding  work, 
are  able  to  complete  the  prooesB,  instead  of  men  bding  required  to 
lift  the  heavy  weighta. 

An  advantage  in  average  quality  of  work  and  saving  of  wasters 
is  obtained,  by  avoiding  sU  handling  and  nsk  of  distorbing  the 
moulds  in  lifting  them  ofT;  they  simply  elide  along  a  little  smooth 
railway  from  the  moulding  machine  to  the  casting  ladle,  which  is 
fixed  7  feet  6  inches  distant  &om  the  moulding  machine,  centre 
to  centre.  A  very  important  pomt  is  also  gained,  by  always  re- 
plaaing  the  pattern  in  its  first  poeition,  while  still  inverted,  thus 
preventing  any  particles  of  sand  from  interfering  with  the  working 
parts  of  the  pattern.  It  is  an  essential  point  in  machinery  iq>plied 
to  such  purposes  as  the  present,  that  it  should  be  arranged  so  as  to 
keep  in  good  order  for  long-continued  r^nlar  work,  without 
requiring  any  care  or  nicety  in  management,  that  would  interfere  at 
all  with  the  roughness  of  manipulation  inseparable  from  such  wrak, 
where  expedition  and  economy  of  mannfactnre,  comlnned  with 
accuracy  in  the  castings,  are  the  ol^ts  to  be  accomplished ;  and 
the  present  machine  has  been  found  c(Hnpletely  satis&ctory  in  this 


MOULDING   MACHINES.  239 

and  with  the  best  plan  the  average  does  not  exceed  480  per  day. 
To  produce  this  quantity,  the  man  who  rams  up  the  bottom  box 
has  to  Uft  the  following  weights : — 

Bottom  box         26  lbs. 

Patterns      45  „ 

Sand 48  „ 

Ranuning  board         12  „ 

Total       131  lbs. 

This  total  weight  of  131  lbs.  has  to  be  divided  by  2,  as  the 
box  rests  upon  its  edge  while  being  turned  over ;  therefore  131  lbs. 
divided  by  2  =  65  lbs. 

After  turning  it  over  the  man  has  to 

Lift  off  the  ramming  board      12  lbs. 

Draw  the  patterns 45  „ 

Garry  the  box  full  of  sand  to  casting  stage  . .  74  „ 

And  65  lbs.  brought  forward 65 


»» 


Total       196  lbs. 

which  multipUed  by  240,  the  number  of  boxes  moulded  to  produce 
480  chairs,  2  chairs  in  each  box,  gives  47,040  lbs.,  or  more  than 
20  tons,  to  be  lifted  by  a  man  during  his  day's  work. 

In  Jobson's  moulding  machine,  by  using  the  turn-over  table,  a 
man  has  been  known  to  make  from  1000  to  1100  chairs  per  day, 
in  producing  which  he  had  only  to  lift  the  empty  box  and  cover 
plate : — 

Bottom  box        26  lbs. 

GoTer  plate        9  „ 

Total       S51bs. 

which,  multiplied  by  550,  the  average  number  of  boxes  moulded, 
2  chairs  in  each  box,  gives  19,250  lbs.,  or  only  9  tons,  to  be  lifked 
in  making  the  larger  quantity,  against  20  tons  in  making  the 
smaller  quantity  by  the  old  plan,  the  latter  requiring  accordingly 
about  5^  times  as  much  labour  in  lifting,  per  chair  produced,  as  is 
necessary  with  the  machine. 

As  we  have  seen,  according  to  the  ordinary  mode  the  pattern 
halves  are  placed  on  a  board,  the  mould  box  placed  thereupon,  and 
the  moulding  material  put  in;  the  box  is  Uien  turned  over,  the 
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aeoond  halree  c^  patterns  pnt  od,  asd  the  moalding  mateiial  put 
therein ;  finally  the  patterns  are  taken  ont,  and  the  ninners  made 
for  the  inlet  of  the  melted  metal.  The  defects  of  this  method  are 
that  the  patterns,  by  constant  nse,  soon  become  defective,  requiring 
constant  repairs,  and  that  the  castings  seldom  are  perfect.  By  the 
remoral  of  the  patterns  the  edges  of  the  monld  also  become  defective 
and  have  to  be  repaired.  In  moulding  toothed  wheels  the  repaired 
teeth  beoome  harder  than  the  others,  because  the  mould  there  is 
made  wetter,  and  this  causes  onecinal  wear  and  tear,  and  consequent 
irregnlar  working.  To  obviate  this,  plate  monlding  is  resorted 
to,  bat  the  preparation  of  the  monlding  plate  is  nndonbtedly 


According  to  a  novel  mode  of  machine  monlding  one  or  more 
patterns  are  cast  together  with  a  fiat  phite  from  original  patterns 
divided  in  halves;  bnt  with  Woolnongh  and  Dehne's  plan,  the 
patterns  are  cast  together,  with  a  plate  having  pivots  at  two  opposite 
sides.  The  original  patterns  not  being  divided  into  halves  are  first 
moulded  in  the  usual  way,  and  when  both  box  halves  are  ready  for 
the  casting,  a  suitable  pattern  frame  of  the  thickness  of  the  pl^ 
mentioned,  and  having  the  pivots,  is  laid  on  one  of  the  box  h^vef^ 
and  the  mould  of  the  plate  and  half  the  pivot  is  made  from  it ;  the 
other  half  pivote  are  moulded  in  the  other  box  hal£  The  casting 
then  is  proceeded  with,  and  the  monlding  plate  so  made,  after  that 
the  pivote  have  been  tamed  and  the  casting  trimmed  in  the  usual 
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To  prevent  the  entrance  of  sand  to  the  worm-T?heel8,  they  are 
ooY^red  by  cases.  The  screw  spindles  &&'  are  also  for  the  same 
purpose  encased  below  in  closed  tubes.  The  screw  spindles  hV 
haye  heads  ff  ^  aboye,  which  can  turn  thereon,  and  can  be  fixed  by 
means  of  set  screws  m  m'.  These  heads  form  the  bearings  for  the 
pivots  of  the  moulding  plate,  and  also  carry  tubular  casings  o&^ 
which  enclose  the  upper  part  of  the  screw  spindles  to  prevent  the 
sand-dust  from  entering.  The  moulding-plate  pivots  can  be  fixed 
in  position  by  means  of  set  screws  pj>'.  To  the  inner  side  of  the 
columns  are  fixed  strong  plates  r  /,  which  form  the  rails  for  the 
wheels  of  a  movable  table  8 ;  these  plates  can,  by  means  of  their 
fastening  screws  fitting  in  slots,  be  adjusted  in  their  positions. 
There  must,  of  course,  be  a  table  apparatus  for  each  width  of 
moulding  plate. 

Figs.  3  and  4  are  two  views  of  the  pattern  for  a  sanitary  pan ; 
they  show  the  mode  of  moulding  with  this  invention,  whidi  is  as 
follows : — The  moulding  plate  A  is  first  placed  with  its  pivots  in 
their  bearings  formed  in  the  heads  gg[^  the  one  moulding  box 
half  is  then  placed  thereon  and  fastened  thereto  by  keys  or  by 
screws.  The  sand  is  now  stamped  into  it,  then  the  moulding  plate  A 
is  raised,  turned  over  on  its  pivots,  together  with  the  box  attached, 
and  lowered  again.  The  plate  is  then  loosed  from  the  box  and 
lifted  off.  The  pattern  lifts  quite  vertically  out  of  the  sand,  as  the 
plate,  by  means  of  the  screw  spindles  h  h\  can  be  adjusted  exactly ; 
when  worn  they  are  turned  up  a  little,  so  that  the  worm-wheels 
come  into  exact  gear.  The  finished  box  hal^  standing  on  the 
movable  table  8,  is  drawn  away  under  the  moulding  plate  and  put 
by.  By  the  turning  over  of  the  moulding  plate  A,  it  is  made 
ready  for  receiving  the  second  box  half,  as  the  side  thereof  is 
turned  upwards.  The  second  box  half  is  then  put  on  and  fastened, 
and  the  process  repeated. 

The  gates  may  be  stamped  into  the  second  box  half,  but  this 
is  not  absolutely  necessary.  This  method  of  moulding  can  be 
exercised  by  any  intelligent  labourer. 
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CHAPTER  XV. 


XOUIJ>INO  VBS  I'SETH  Or  WUKKI^. 

1^  acctaiacy  and  perfection  of  the  teeth  of  wheels  ore  of  greet 
pr&oticfti  importance  in  all  cases  of  gearing,  and  especially  vhere 
large  amounts  of  power  are  transmitted  b;  them ;  and  it  is  reqoiaite 
that  the  tranmnission  of  power  should  be  uniform  and  continnona 
through  the  teeth  of  the  wheels,  corresponding  to  the  confmned 
frictional  contact  of  the  two  circles  rolling  npon  each  other.  To 
maintain  this  nniform  and  continnons  action  in  toothed  wheels,  all 
the  teeth  ibronghont  the  circumference  of  the  wheel  are  required 
to  be  precise  duplicates  of  one  another  in  form,  size,  and  spacing; 
and  all  to  be  placed  in  a  perfect  circle  ronnd  the  centre  of  the 
wheel.  Shonld  these  conditions  be  imperfectly  carried  oat,  the 
essential  continaons  contact  will  be  destroyed,  and  a  serious  inter- 
mittent knocking  between  the  teeth  will  be  caused,  leading  to  the 
fracture  of  the  wheel,  and  risking  a  stoppage  of  the  machinery. 
Any  defectiye  fitting  of  toothed  wheels  also  involTes  a  waste  of 
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The  pitch  of  a  wheel  may,  of  course,  be  any  quantity  within 
certain  working  limits,  but  it  has  been  found  convenient  to  employ 
only  a  given  number  of  standard  values,  instead  of  using  an  inde- 
finite number  for  the  pitch.  Thus  in  cast-iron  wheels  of  the  larger 
class,  the  values  most  commonly  chosen  are,  1  in.,  1\  in.,  1^  in., 
1}  in.,  2  in.,  2|  in.,  3  in. ;  and  it  rarely  happens  that  any  inter- 
mediate values  are  necessary.  Below  inch  pitch  the  values  ^,  f,  7, 
I,  and  I  in.,  are  generally  sufficient ;  cast-iron  wheels  of  lower  than 
|-in.  pitch  are  seldom  employed,  and  for  machinery  of  a  less  size, 
the  wheels  are  commonly  cut  in  a  wheel-cutting  machine.  This 
system  of  definite  values  for  the  pitch  has  this  advantage,  that  it 
limits  the  numbers  of  founders'  patterns,  though  this  again  is  not 
so  much  the  case  where  wheel-moulding  machines  are  employed. 
Any  others,  however,  may  be  readily  calculated. 

The  most  convenient  mechanical  mode  of  calculating  the  pitch 
may  be  illustrated  thus :— Draw  the  line  A  B,  Fig.  1,  Plate  LI., 
and  from  the  point  A  lay  off  the  pitch  seven  times  to  B ;  then 
draw  a  line  D  E  parallel  to  it,  and  say  one-half  longer.  Upon  D  E 
mark  off  the  length  A  B,  and  divide  it  into  eleven  equal  parts,  con- 
tinuing the  same  scale  of  division  farther  at  pleasure.  Now,  each 
of  these  divisions  upon  the  line  D  E,  counts  four  teeth  to  the  radius 
of  the  pitch  line.  Thus,  if  56  teeth  be  wanted,  then  14  divisions 
on  D  E  must  be  taken  as  the  radius,  because  14  x  4  =  56.  If  an 
odd  number  of  teeth  be  wanted,  then  the  first  division  on  DE 
must  be  subdivided  into  four  equal  parts,  each  of  which  will  count 
one  tooth  in  the  radius  required.  Thus,  if  59  teeth  be  wanted, 
then  the  radius  of  the  wheel  will  be  14|  divisions  upon  DE, 
because  14|  x  4  =  56  -f-  3  =  59.  Example.  Bequired  the  dia- 
meter of  a  wheel,  the  pitch  being  2  inches,  and  the  number  of 
teeth  48. 

Here  the  line  AB  =  14  inches ;  and  11  divisions  upon  DE 
also  =  14  inches ;  therefore,  one  of  these  divisions  is  equivalent  to 
the  eleventh  part  of  14  inches,  that  is,  1^  inch.  Now,  each  of 
these  divisions,  considered  as  units  of  the  radius,  counts  four  teeth, 
and  as  the  wheel  is  to  have  48  teeth,  the  radius  will  have  ^  =  12 
such  units;  that  is  12  times  I^t  uich  =  15i\  inches.  The  diameter 
sought  is  therefore  30 1^^  inches. 

The  same  may  be  done  more  simply  and  more  directly  by  this 

^1 
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ariUimeticftl  rule : — Moltiplj'  the  nnmber  of  teeth  by  the  pitch,  and 
the  product  hy  *I6  for  the  radina,  or  by  - 32  for  the  diameter. 


15-86  t=  tbe  tadlos. 


S7-72  =  the  dlMneter. 


This  mle  ia  identical  in  principle  with  that  for  finding 
the  diameter  of  a  wheel  vben  the  pitch  and  nnmber  of  teeth 
are  given.  Instead,  however,  of  dividing  by  3*1416,  we  multiply 
by  its  reciprocal,  thos  ■  =  '318S  or  '32  nearly  for  the 

diameter,  and  by  ^  =  - 16  for  the  radioB.    We  have  therefore 
these  rolee: 

No.  oftaeth  V  Pilnh  X  -18  sBadina:    I 

(A) 


No.  of  teeth  >:  Pitch  X -16  =  B^na;   I 
Nu.  of  teeth  X  Piloh  x  -33  =  Diameter.) 


From  this  mle  for  finding  the  radins  or  diameter  of  a  wheel 
when  the  number  of  teeth  and  pitch  are  giren,  we  can  easily  deduce 
the  mle  for  finding  the  pitch  when  the  radios  or  diameter  and 
nnmber  of  teeth  are  known.  Thus,  it  is  clear  that  if  the  Bnle  A 
be  tme  tiieD  most  the  following  be  trae  also — namely : 
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That  is,  multiply  the  given  pitch,  in  inches  or  parts,  by  *16,  and 
divide  the  radius  by  the  product,  the  quotient  is  the  number  of 
teeth. 

As  an  example  of  the  application  of  this  rule,  let  the  radius  as 
before  be  15*86  inches,  and  the  pitch  2  inches,  then  we  have 

JT-, 7^  =  —TiTT-' — '  =  48,  the  number  of  teeth. 

2iu.  X  *16        *32  m. 

It  is  hardly  necessary  to  observe  that  these  rules  are  not  per- 
fectly accurate,  it  is  impossible  indeed  to  make  them  so ;  but  Uiey 
are  sufficiently  near  approximations  for  practical  purposes.  When 
vary  great  accuracy  is  required,  more  elaborate  methods  may  be 
employed,  &om  which  it  would  be  found  that  the  radius  of  a  wheel 
of  48  teeth  and  2-inch  pitch,  instead  of  being  15*36,  as  found  by 
the  rule  above,  is  more  nearly  15*29  inches,  and  more  nearly  still 
15*2898  inches,  but  even  this  is  only  an  approximation,  and  could 
be  carried  closer  without  much  advantage  in  works  of  any  consider- 
able size. 

To  determine  the  proportions  of  a  wheel  we  have  the  following 
empirical  rule:— 

Divide  the  pitch  into  15  equal  parts,  take  7  of  these  parts  for 
the  thickness  of  the  teeth,  and  12  of  them  for  its  length,  namely  5^ 
from  the  pitch  line  to  the  point,  and  6^  from  the  pitch  line  to  the 
root.  Make  the  rim  equal  to  the  thickness  of  the  tooth,  arms 
equal  to  the  same,  and  boss  equal  in  thickness  to  the  pitch. 

Or  by  calculation  we  have 

Pitchx-48  =  thidme88|^f4^j^ 
Pitch  X  -8    =  length      / 

The  following  is  the  mode  of  dividing  the  pitch  into  15  equal 
parts  as  required  by  the  rule : — 

In  the  diagram,  Fig.  2,  Plate  LI.,  draw  the  line  A  G,  and  mark 
off  upon  it  15  equal  parts  as  required ;  draw  A I  perpendicular  to 
A  G,  and  equal  to  the  given  pitch,  then  draw  I G,  and  in  the  triangle 
formed  draw  the  15  parallels  to  A  I,  and  the  pitch  will  be  divided 
as  required. 

From  the  diagram,  to  get  the  thickness  of  the  tooth,  set  one 
point  of  the  compasses  at  7  in  the  line  I C,  and  the  other  at  8  on 
the  line  A  C ;  the  line  joining  these  points  is  the  measure  of  the 
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thickneaa  of  the  tootli.  SimilfkrlT-  the  line  H,  joining  the  poinfa 
12  in  the  line  IC,  and  3  in  the  line  AO,  is  the  meaanre  of  the 
length  of  tiie  tooth,  and  this  is  eqiUYEdent  to  5^,  eqnal  to  the  line 
F,  and  6^  eqnal  to  the  line  G. 

Another  way  of  getting  the  diameter  &om  the  pitch  ia  shown 
in  Fig.  3. 

Draw  the  line  A  B  =  22  ;  then  draw  B  G  =  7,  and  perpendi- 
cular to  A  B.    Next  draw  A  G,  and  the  scale  ia  complete. 

For  a  wheel  of  10  te^  lay  oS  the  pitch  ten  times  to  D,  and 
draw  D  E  parallel  to  B  G,  and  it  will  be  the  diameter  c£  the  pitch 
(srclc  D  t  E  a.  It  will  also  be  the  radius  of  a  wheel  cS  20  teeth, 
and  half  the  radius  of  one  of  40  teeth,  and  so  on,  of  the  girsn 
pitch. 

Fig.  4  k  a  scale  (£  a  still  more  convenient  kind,  and  onght  to 
be  constrocted  on  a  large  size  for  general  ose  in  a  WOTkahop,  as  it 
not  only  saves  time,  bot  the  wheels  made  by  it  are  all  of  the  same 
proportion  of  parts.  The  diameter  of  any  wheel  is  knoA  boax  it 
simnltaneonsly  with  the  thickness  of  tooth,  width  of  space,  Ae.  As 
here  laid  down  the  scale  is  adapted  to  wheels  of  any  pitch,  from 
i  inch  to  2  inches  inclnsiTe,  one-eigfath  the  mze. 

The  method  of  making  the  scale  is  the  following : — Draw  the 
line  A  D,  and  from  G  draw  G  B  perpendicular  to  A  D.  Transfer 
the  divisions  1,  2,  3,  4,  &c.,  from  D  E  of  a  diagram  similar  to 
Fig.  1  to  0  B  (^  Fig.  4,  and  number  the  parts  thus  transferred  4, 
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Thus  the  radius  of  a  wheel  of  48  teeth  and  1  j-inch  pitch  is  a  b  == 
16-36  inches. 

For  the  proportions  of  the  teeth,  rim,  &c.,  set  off  0  G  =  to  the 
length  of  the  tooth  =  H  of  the  pitch,  that  is,  =  the  line  H  in  Fig.  2, 
also  the  thickness  of  the  tooth,  arm,  and  rim  OF  = -,^  of  the  pitch ; 

the  length  of  the  tooth  from  the  pitch  line  to  the  root  =  E  G  y| 

of  the  pitch,  that  is  the  line  G  in  Fig.  2. 

This  scale  may  he  used  when  the  number  of  teeth  exceeds  60 ; 
thus,  for  a  wheel  of  92  teeth  and  2-inch  pitch  the  radius  is  found 
by  setting  off  in  the  compasses  the  whole  line  0  D,  and  also  that 
part  of  it  from  G  to  the  point  marked  32.  For  odd  teeth  make 
use  of  the  first  four  divisions,  as  explamed  under  Fig  !• 

To  set  off  a  spur-wheel  with  32  teeth  and  2-inch  pitch  draw  a 
line  A  B,  Fig.  5,  Plate  LI. ;  take  A  as  a  centre,  and  lay  off  A  B  = 
the  distance  from  G  to  32  on  GD  of  Fig.  4;  that  is  =  the  radius  of 
the  pitch  circle.  Through  the  points  A  and  B,  and  perpendicular 
to  thd  line  A  B,  draw  the  lines  A  E  and  B  J.  From  Aythecentre^ 
set  off  the  radius  of  the  shaft  =  A  G,  and  from  0  lay  off  the 
pitch  =  G  D  for  the  thickness  of  the  boss ;  then  with  the  distance 
G  B  of  Fig.  4  in  the  compasses,  set  off  B  E  for  the  length  of  the 
tooth  from  the  pitch  line  to  the  point ;  and  in  like  manner  with 
the  distance  E  G  of  Fig.  4  in  the  compasses,  set  off  BF  for  the 
tooth  from  the  pitch  line  to  the  root.  Again,  from  F  set  off 
F  G  =  to  G  F  of  Fig.  4  for  the  thickness  of  the  rim ;  and  upon 
B  J  set  off  the  width  of  the  tooth,  and  upon  A  E  the  length  of  the 
boss,  draw  EL  and  DL  to  define  the  boss..  Also  draw  MM 
parallel  and  =  to  GE  and  join  M  and  L.    HI  is  the  face-bar. 

Next  divide  the  width  of  the  rim  into  as  many  parts  as  there 
are  thicknesses  of  timber  in  it,  1,  2,  3,  4,  5,  the  face-bar  being 
broader  and  thicker  than  the  others.  The  diagram.  Fig.  6,  is  the 
form  of  the  templet  for  cutting  out  the  deal,  2,  3,  4,  5,  into  8 
lengths  each ;  this  templet  should  be  of  course  quite  dry  and  free 
from  shakes.  The  arms  are  next  to  be  cut  out  of  the  requisite 
width,  with  their  two  opposite  sides  quite  parallel,  so  that  they  can 
be  properly  fastened  to  the  face-plate  in  turning  the  outside  rim. 

In  gluing  up  the  rim,  fix  ai  wooden  face-plate,  of  sufficient  size 
to  take  in  the  diameter  of  the  rim  which  is  to  be  marked  upon  it, 
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OD  the  iron  one  of  the  lathe,  find  turn  it  up  perfeotlj  troe.  The 
Bize,  however,  must  be  kept  elightly  greater  than  the  diameter  of 
the  lim  to  allow  lor  enbaequent  dressing.  This  dcHie,  dean  cme 
side  of  the  segments  marked  1  in  Fig,  5,  and  fit  them  to  the  fiue- 
plate ;  joint  their  ends  and  sprig  them  on  tempOTorilf  to  the  tueo- 
plate.  When  they  are  thna  all  fitted  on,  take  them  off  one  at  a 
time,  and  glne  paper  between  them  and  the  &oe-plate ;  fitsteo  them 
with  sprigB,  which  are  to  be  left  in  Bucli  a  way  as  to  be  easily 
palled  oat  witli  the  pinoen  when  the  glne  is  set.  The  aegmants  1 
are  next  tnmed  on  the  fkee,  aegmeola  2  fitted  on  in  the  same 
manner ;  afterwarda  in  BacoeeaicHi  the  aegmoite  3,  4,  and  5, 
always  obserring  as  the  sprigs  ore  palled  ont  to  fill  the  holes  with 
wooden  pins.and  glne. 

For  tnming  np  tlw  ontaide  of  the  rim  and  teeth,  and  pitching 
the  teeth,  on  iron  fitce-plate  mast  be  osed,  of  a  snitable  diameter, 
and  provided  with  slots  and  holes  in  it  for  screws,  bo  that  4,  6, 
or  8  arms  con  be  screwed  on ;  likewise  a  recees  in  the  centre  aboot 
3  inches  diameter,  and  i^  inch  deep,  with  a  plate  of  iron  to  fit  it;  for 
a^jnsting  the  arms  to  the  centra.  When  these  ate  scarfed  and 
blocked  at  the  centre  to  strmigthen  them,  as  shown  in  Fig.  1, 
Plate  UI.,  where  A  A  are  the  arms  and  a  thfi  strengthening  bIod», 
screw  the  small  iron  plate  npon  the  centre  of  the  arms,  and  having 
fitted  this  into  the  recess  in  the  centre  (^  the  fiwe-plate,  the  aims  also 
are  next  to  be  finnly  bolted  to  the  &ce-plate.    Bednce  the  arms 
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one  another  is,  observable  in  the  external  view  of  the  centre. 
Fig.  1.  We  see,  then,  that  a  third  of  the  width  is  left  in  scarfing, 
and  this  is  necessarily  the  case  when  the  pattern  has  six  arms ; 
were  it  formed  with  four  arms,  one-half  the  breadth  wonld  be  left, 
and  only  one^fonrth  were  the  pattern  made  with  eight  arms. 

When  the  ontside  of  the  rim  is  tamed  np  according  to  the 
drawing,  the  next  business  is  to  divide  or  pitch  the  rim  into  as 
many  divisions  as  there  are  teeth  required.  These  divisions  are  to 
be  carefully  marked  off  by  lines  drawn  upon  the  rim  across  its 
breadth.  There  are  two  modes  of  attaching  the  teeth,  either  they 
may  be  fixed  by  screws  with  glue,  or  they  may  be  dovetailed  into 
the  rim.  This  last  is  preferable  for  large  wheel  patterns,  and  in 
shops  provided  with  a  machine  for  wheel  cutting,  it  is  found  to 
be  by  far  the  most  expeditious  mode ;  when  the  pattern  is  small 
and  of  small  pitch,  the  teeth  may  be  simply  sprigged  on  with 
glue. 

The  teeth  ought  to  be  of  hard  wood,  such  as  plane  tree  or  beech. 
Baywood  and  cedar  are  also  used,  but  plane  tree  is  preferable,  at 
least  for  small  wheels. 

The  teeth  being  blocked  and  fixed  lengthways  across  the  rim 
with  glue,  pieces  of  ^inch  deal  are  then  glued  betwixt  the  teeth ; 
these  pieces  are  marked  8  8  in  Fig.  2,  and  their  use  is  to  prevent 
the  ends  of  the  teeth  being  spUt  in  turning ;  when  the  glue  is 
dry,  the  teeth  are  to  ^be  turned  to  the  length  and  width  required. 
The  pattern  is  then  ready  to  have  the  pitch  circle  G  G  drawn 
upon  it. 

The  circle  being  accurately  and  finely  drawn,  the  next  business 
is  to  divide  or  pitch  it  into  32  equal  parts  of  2  inches,  that  is, 
from  A  to  G  on  scale  Fig.  4,  Plate  LL  The  radius  in  this  case 
will  be  very  nearly  10|  inches,  that  is,  from  0  to  32  on  the  scale 
line  C  D.  The  curves  of  the  teeth  are  next  to  be  described.  The 
pitch  in  this  instance  is  the  radius  from  the  pitch  line,  both  to 
the  point  and  root  of  the  tooth;  therefore  place  one  leg  of  the 
compasses  on  0,  Fig.  2,  the  other  opened  2  inches  will  describe  the 
curve  rpf  and  placed  on  a  will  describe  the  curve  r  q.  From  r  to  a 
set  off  the  thickness  of  the  tooth  =  to  G  E  in  Fig.  4,  Plate  LL,and 
describe  the  curve  et  from  t;  as  a  centre.  Draw  in  the  other 
curves  in  .the  same  manner,  and  when  they  are  set  out  on  one 
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side,  Bqnare  the  linee  Bxxoea  to  the  other  side  at  fonr  {xmits,  taken 
couBeontiTel;  at  right  angles  to  each  other,  taking  care  that  od 
both  sidee  the  lines  accnrately  correepond  in  position,  otlierwise 
the  teeth  will  twist,  and  will  neither  leave  the  sand  clearly  in 
monlding,  nor  work  well  when  cast  The  teeth  are  also  frequently 
Btrnck  ont,  as  in  Fig.  7,  Plate  LL,  the  pitch  point  A  being  the 
centre  from  whkih  the  point  of  the  next  0  f  is  stmck  with  a  radios 
A  E,  the  portion  e  g  being  radial. 

Many  other  methods  can  be  named  for  striking  ont  Hie  teeth, 
but  for  these,  including  the  epicycloidat  mode,  the  reader  had  better 
refer  to  separate  treatises.  The  best  of  these  is  Thomas  Box's 
'Practical  Treatise  on  Mill-Gearing,'  which  iuclndee  the  most 
advanced  and  scientific  practice  in  reepect  to  every  problem  which 
the  fonnder  may  have  to  solve,  if  largely  engaged  in  casting 
toothed  wheels. 

Fig.  2  shows  part  of  a  wheel  after  being  tnmed  and  set  out 
with  the  teeth  drawn  npon  it  preparatory  to  their  being  cat. 

Fig.  3  shows  in  section  the  mode  ctf  ccatstmcting  a  wheel  with 
the  featlter  bars  in  the  middle,  the  feathers  of  the  arms  Emd  rim 
being  glned  on  when  the  wheel  is  being  built  npon  the  bee* 
plate.  Fig.  9  shows  half  of  the  wheel  finished.  A  A  is  the  pitch 
circle,  r  the  root,  p  the  point,  rp  length  of  tooth ;  D  D  the  rim  of 
wheel,  H  the  fitce-bars,  F  the  arms,  Q  the  boss. 

To  set  ont  a  pair  of  bevel  wheels,  one  with  44  and  the  other 
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meet  F  as  a  centre.  From  a  to  b  is  the  clearance  of  tooth  from 
point  to  rim  when  the  wheels  are  working  to  the  pitch  line. 

Draw  the  lines  E  and  L,  and  from  them  set  off  the  thickness 
of  the  fiftce-har,  arm,  &c.,  as  already  described  under  Fig.  5, 
Plate  LI.,  and  finally  describe  the  curye  M  M,  so  as  to  touch  the 
back  of  the  rims. 

The  dotted  curve  shows  the  angle  at  which  the  wheels  are  to  work, 
the  larger  one  at  an  angle  of  35  degrees,  and  the  smaller  at  an 
angle  of  55  degrees.  Their  ratio  is  8  to  11,  and  is  thus  found : 
set  down  the  number  of  teeth  in  the  wheels,  and  find  their  least 
common  mxdtiple ;  that  is,  the  least  number  that  can  be  divided  by 
both  numbers  without  a  remainder ;  in  this  case  the  least  common 
multiple  is  352,  then  ?A?  =  8,  and  ^  =  11,  and  the  quotient  8 

and  11  express  the  ratio. 

Or  the  ratio  may  be  found  more  conveniently  by  finding  the 
greatest  common  measure  of  the  numbers,  that  is,  the  greatest 
number  that  will  divide  tbem  without  a  remainder,  and  dividing 
the  number  of  teeth  in  each  wheel  by  it ;  thus,  4  is  the  greatest 
common  measure  of  44  and  32,  and  the  quotients  of  these  numbers 
by  4  are  1 1  and  8. 

It  is  hardly  necessary  to  observe  that  it  often  happens  that  a 
pair  of  wheels  have  no  other  numbers  to  express  their  ratio  than 
their  respective  numbers  of  teeth  ;  thus,  the  ratio  of  a  pair  having 
respectively  27  and  53  teeth  is  expressed  by  those  numbers,  seeing 
that  they  have  no  other  common  measure  than  1. 

Any  other  pair  of  bevel  wheels  may  be  set  out  in  the  way 
described.  Thus,  supposing  a  wheel  of  only  28  teeth  was  required 
to  work  into  one  of  44,  from  the  point  E  to  N,  Fig.  1,  Plate  LIV., 
set  off  the  radius  of  the  smaller  wheel  and  draw  the  line  N  at 
right  angles  to  the  line  N  E  till  it  meets  the  line  F  E  upward  as 
before. 

Fig.  2,  Plate  LIII.,  shows  the  manner  of  gluing  up  the  rim.  The 
segments.  No.  1,  are  glued  to  the  face-plate  with  paper  betwixt, 
and  No&  2,  3,  4  are  glued  on  so  as  to  project  over,  as  shown  in  the 
figure,  and  so  that  the  bevel  can  be  obtained.  The  inside  is  turned 
up  to  cc  on  Fig.  1,  likewise  the  inside  and  outside  edges.  The 
rim  is  then  taken  off  the  face-plate.  The  arms  are  to  be  fastened 
to  the  iron  iaco-plate,  in  the  same  manner  as  in  making  spur- 
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vbeel  patterns,  vith  &ce>bais  upon  them.  Some,  howerer,  pnt  on 
back-bam  instead  of  Cace-bars,  aad  tliea  tbe  arms  only  are  screwed 
npoD  tbe  fiuse-plate.  The  arms  being  rednoed  to  the  proper 
length,  the  rim  ia  then  fitted  upon  tiiem  and  tamed  on  the  ontode^ 
like  the  qoartei  A  in  Fig.  3,  ready  for  the  teeth  being  glued 
on.  The  dotted  circle  is  next  te  be  drawn  te  divide  or  pitch  the 
rim  by ;  &om  tbe  pcont  A  tbe  eqoal  distances  b  b  are  nmrltat)  ciS, 
and  &om  these  points  small  arcs  intersecting  in  e  are  described ; 
tbe  pointe  A  and  C  being  joined,  we  have  the  line  a  c  as  tbe  s^nare 
line  or  axis  of  the  tooth  From  a  c  lay  off  half  the  thickneaB  of 
tooth  on  each  aide  to  dd,  from  d  divide  or  pitch  tbe  rim  apon  the 
dotted  circle  into  as  many  parte  as  there  are  teeth  required ;  set  a 
bevel  to  the  line  (2,and  draw  lines  across  the  rim  at  all  the  divisions 
to  fix  tbe  taeUi  by ;  these  being  glued  and  sprigged  on,  set  pieces 
of  deal  between  tbem,  to  prevent  their  splitting  when  being 
dreeeed  in  the  lathe.  Tbe  quarter  of  the  wheel  marked  B  is 
tnmed  np  vrith  tbe  teeth  set  out ;  e  e  are  tbe  pieces  betwixt  tbe 
teetb,  //  snperflooaa  wood  to  be  cat  away,  c  is  one  of  balf  of 
the  wheel  finished. 

In  setting  out  a  bevel  wheel,  the  t«etb  are  drawn  over  to  the 
in^de  in  four  parts,  as  in  a  apur-wbeel  pattern.  To  obtain  tbe 
pitch  of  the  inside,  two  or  three  teeth  should  be  dtavm  over,  and 
as  a  precaution,  at  least  one  quarter  should  be  tried  in  case  of 
inaccuracy. 


WHEEL-MOULDING  MACHINES.  253 

consequence  of  the  different  finish  that  each  receives.  The  nn- 
certainty,  too,  attending  the  drawing  of  an  unwieldy  pattern  from 
its  mould,  and  the  distortion  of  the  pattern  that  occurs  from  its 
lying  in  damp  sand  for  a  considerable  time,  are  additional  obstacles 
to  the  manufSEtcture  of  a  toothed  wheel  from  the  ordinary  wood 
models  with  the  correctness  that  is  desirable. 

The  only  method  of  overcoming  these  difficulties  is  by  employ- 
ing a  small  segment  as  the  pattern,  and  moulding  tiie  entire 
toothed  circumference  by  repetition  of  this  small  portion ;  employ- 
ing mechanical  means  for  lowering  and  raising  it,  and  for  spacing 
out  the  teeth  round  the  circumference  of  the  wheel,  so  as  to  obtain 
the  same  certainty  of  accuracy  throughout,  as  is  shown  by  a  wheel 
divided  and  cut  in  a  machine.  This  process  was  introduced  by  Mr. 
P.  B.  Jackson,  and  carried  out  with  greatest  accuracy;  and  until 
the  advent  of  his  most  valuable  machine  it  may  be  said  that  no 
really  correct  toothed  wheels  were  cast. 

The  object  of  G.  L.  Scott's  wheel-moulding  machine  has 
been  to  extend  the  application  of  this  process  by  the  use  of  a 
portable  machine,  of  small  size  and  cost,  that  can  be  easily  applied 
for  moulding  a  toothed  wheel  in  any  part  of  a  foundry.  Having 
moulded  one  wheel,  the  machine  can  be  fixed  at  another  place  for 
use,  or  be  put  away  until  required  again,  in  the  meantime  leaving 
the  foundry  floor  clear  and  in  the  usual  condition  for  ordinary 
work.  It  will  enable  any  foundry  to  supply  with  rapidity  and 
economy  of  manu£Eu;ture  wheels  possessing  the  absolute  accuracy 
which  results  from  the  use  of  a  machine.  Plates  LIY.  and  LY. 
illustrate  Scott's  machine. 

The  pedestal  A  supports  a  centre  pin  B,  which  has  a  collar  to 
bear  upon  the  pedestal,  and  is  provided  with  a  projection  that  fits 
into  a  recess  in  the  top  of  the  pedestal,  whereby  it  is  prevented  from 
turning  in  its  socket.  The  spindle  0  is  bored  to  fit  on  the  centre 
pin  B,  and  is  turned  to  pass  up  through  the  rest  of  the  apparatus, 
which  it  supports,  as  shown  in  section  in  Fig.  4,  Plate  LIY.  Set 
screws  placed  in  the  spindle  C  are  used  to  fix  it  firmly  on  the 
centre  pin  B,  and  this  being  secured  in  the  pedestal  a  continuous 
vertical  spindle  is  thus  obtained.  Loose  collars  provided  with 
set  screws  and  bored  to  fit  the  centre  pin  B  are  used  for  the 
purpose  of  elevating  the  apparatus  above  the  pedestal  A,  in  order  the 
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more  re&dily  to  adapt  it  for  monldmg  differeut  breadtiiB  of  wheek. 
One  of  tbeee  collars  is  shown  in  Fig,  4,  Plate  Lm.,  and  th^  aie 
of  1,  2,  and  3  inches  in  thicknees  respectiTely. 

On  the  spindlo  G  is  carried  the  head  D,  shown  in  section  in 
Fig.  4,  Plate  LIT.,  and  Fig.  5,  Plate  LT.,  and  in  this  head  slide 
the  radial  arms  E  £,  connected  together  at  their  front  ends  by  the 
tntosrerBe  piece  F,  which  forms  the  bed  for  the  Tertical  eliding  ram 
Q.  The  arms  E  E  are  seemed  to  the  head  D,  in  any  required 
pontioQ,  by  four  square-headed  bolts  passing  throngb  slots  in  the 
arms,  and  thiongh  ears  cast  on  the  head ;  these  bolts  Iwng  screwed 
np,  bind  the  arms  and  head  firmly  together.  The  spindle  0  bong 
firmly  secured  in  the  pedestal,  forms  a  stationary  centre  pillar  for 
the  machine,  on  which  the  head  D  is  &ee  to  torn ;  and  on  the  top 
of  the  spindle  is  keyed  the  worm-wheel  H,  from  which  a  connection 
is  made  to  the  arms  E,  by  the  dividing  apparatus  shown  in  Figs.  1 
and  3,  Plate  LIV.  and  Plate  LY.  This  consists  of  a  worm  I 
gearing  into  the  wheel  H,  and  the  change  wheels  J  J  J,  the  upper- 
most wheel  being  on  the  worm-shaft,  and  the  lowest  one  ^ed  on 
the  shaft  E,  which  is  carried  by  brackets  on  the  arm  E,  and  is 
provided  with  a  loose  coUar  acting  as  a  beating,  so  that  tbe  shaft 
may  be  withdrawn  for  altering  the  change  wheels.  The  swing 
frame  L  carrying  the  change  wheels,  is  sufficient  for  two  intw- 
mediate  change  wheeb  if  required.  On  the  shaft  K  is  ftstened  a 
spring  handle  U,  which  fita  a  slot  in  a  disc  that  is  divided,  to  guide 
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to  the  bottom  of  the  ram  and  the  other  to  the  top,  and  kept  always 
tight  by  means  of  two  locknnts.  An  adjustable  brass  collar  W  is 
fitted  on  the  ram,  for  indicating  to  the  moulder  when  the  ram  is 
sufficiently  lowered.  An  eye-bolt  is  fixed  on  the  top  of  the  centre 
pillar  0  of  the  machine,  for  attaching  the  foundry  crane  in  order  to 
remove  the  machine. 

The  process  of  moulding  a  wheel  with  this  machine  is  as 
follows : — ^A  core-box  for  the  arms  of  the  wheel  is  first  prepared, 
and  also  two  radial  boards  for  strickling  or  sweeping  up  the  form  of 
the  top  and  bottom  of  the  wheel  in  the  sand,  which  are  shaped  to 
the  profiles  of  the  face  and  back  of  the  wheel.  The  top  board  P  in 
Fig.  4,  Plate  LIIL,  has  on  its  lower  edge  the  profile  of  the  back  of 
the  wheel ;  and  the  bottom  board  Q  has  also  on  its  upper  edge  the 
counterpart  profile  of  the  back  of  the  wheel,  and  on  its  lower  edge 
the  profile  of  the  face.  A  pattern  is  also  made  of  a  segment  of  the 
toothed  rim  of  the  wheel,  consisting  of  two  teeth  only,  which 
permits  of  moulding  one  space  at  a  time. 

A  secure  and  steady  foundation  for  the  moulding  machine,  is 
obtained  by  sinking  in  the  sand  of  the  foundry  floor,  in  the  desired 
situation,  the  pedestal  of  the  machine,  which  is  bolted  to  a  cast- 
iron  base  plate  about  4  feet  square ;  sand  is  then  rammed  solidly 
upon  it,  and  the  pedestal  levelled  so  as  to  be  truly  verticaL 
Another  form  of  pedestal  is  shown  in  Fig.  2,  Plate  LTV.,  which  is 
used  for  fixing  in  the  sand  without  a  base  plate.  The  top  of  the 
pedestal  is  placed  about  15  inches  below  the  floor  level,  this  distance 
determining  the  greatest  breadth  of  wheel  that  can  be  moulded. 
The  centre  pin  B  of  the  machine  is  then  placed  in  the  socket  of  the 
pedestal,  for  the  purpose  of  forming  the  mould  for  the  bed  of  the 
wheel,  and  also  to  mould  the  top  box  or  other  arrangement  used  to 
cover  the  mould  for  casting :  the  rest  of  the  machine  being  laid 
aside  for  the  present. 

In  Fig.  4,  Plate  IIIL,  is  shown  the  loose  collar  Y  which  is 
placed  upon  the  centre  pin  B,  of  such  thickness  that  its  upper  &ce 
is  the  same  depth  below  the  floor  level,  as  the  breadth  of  the  rim  of 
the  wheel  to  be  moulded ;  so  that  the  back  of  the  wheel  is  level 
with  the  floor,  for  convenience  of  fitting  the  top  box  on.  This 
lower  collar  Y  is  fixed  by  a  set  screw,  and  an  upper  loose  collar  X 
is  also  fitted  on  the  centre  pin  B  by  a  set  screw,  with  its  upper  &ce 
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at  the  aante  height  aboTe  the  collar  Y  as  the  breadth  of  the  rim  of 
the  wheel ;  tiie  lower  collar  thns  exactly  iDilicatee  the  level  of  the 
bed  and  &ce  of  the  wheel,  and  the  upper  collar  that  of  the  back  of 
the  wheel  The  hole  is  well  filled  up  with  sand  to  the  level  of  the 
upper  collar ;  and  the  iron  trammel  carrying  the  top  board  F  is 
placed  npon  the  Bpindle  B,  and  worked  round  the  collar  X,  forming 
a  mould  of  the  back  of  the  wheel,  which  is  Hghtly  E^irinkled  with 
partmg  sand  to  form  the  parting  for  the  top  box.  An  ordinary 
top  box,  or  other  sufficient  corering,  is  then  placed  on,  and  n 
ap  with  sand  ;  and  the  top  box  is  staked  in  the  ordinary  ii 
for  the  pnrpose  of  marking  its  correct  poution  relatively  to  the 
bottom  part  of  the  wheel,  by  stakes  drives  into  the  sand,  and  fitting 
1^  the  tddfl  of  correeponding  ears  upon  the  top  box.  The  top  box 
is  lifted  clear  off,  carrying  with  it  the  impression  of  the  hack  of  the 
wheel ;  which  impression  is  finished  by  tnmiog  the  box  over,  and 
strickling  it  again  with  a  second  trammel  that  carries  the  bottom 
board  Q.  A  centre  is  provided  in  the  top  box  for  this  trammel,  by 
means  of  a  loose  collar,  in  which  are  two  bolts  that  pass  through 
the  top  box  and  are  fastened  across  the  bars  of  the  box.  This 
loose  collar  fits  the  spindle  B,  and  is  drawn  &om  it  vrith  the  top 
box,  thus  filing  a  strictly  accnrato  centre.  By  this  arrangement 
the  centring  collar  can  be  readily  fixed  upon  any  ordinary  top 
box,  giving  strict  aconracy  in  the  moolding,  withont  reqniring  any 
specif  boxes  for  the  purpose. 
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ike  fixing  screws  in  the  spmdie  are  screwed  np,  to  Tnaintain  the 
central  axis  continnons  through  the  machine.  The  segmental 
pattern  U  is  adjusted  by  the  trayersing  screw  0  to  the  correct 
radins  of  the  wheel,  measuring  from  the  top  of  the  tooth  to 
the  centre  of  the  machine.  The  ram  G  is  then  lowered  to  the 
leyel  of  the  bed  of  the  wheel,  and  secured  at  that  point  by  the 
locking  screw  S ;  and  the  brass  collar  W  is  adjusted  on  the  ram  and 
fixed  by  a  set  screw,  to  ensure  the  ram  always  stopping  at  the 
same  level,  when  lowered  for  moulding  each  successive  tooth.  The 
locking  screw  S  prevents  the  ram  rising  from  the  pressure  of 
ramming  the  sand.  One  space  of  the  wheel  teeth  is  then  moulded, 
by  ramming  the  sand  in  the  space  left  between  the  pattern  and  the 
edge  of  the  mould  previously  formed  by  the  strickle  board.  The 
locking  screw  S  bebg  rdeaL.  the  ram  carrying  the  pattern  is 
raised  clear  of  the  mould,  and  should  be  traversed  round  through  the 
exact  distance  of  the  pitch  of  the  wheel,  by  means  of  the  dividing 
handle  and  the  change  wheels,  previously  arranged  for  the  required 
pitch.  The  segmental  pattern  is  again  lowered,  and  a  second  space 
moulded  as  before. 

When  all  the  teeth  have  been  moulded,  the  fixing  screws  of  the 
centre  spindle  are  released,  and  the  whole  machine  is  lifted  away,  by 
the  foundry  crane  laying  hold  of  the  eye-bolt  on  the  top  of 
the  spindle,  leaving  the  mould  entirely  clear  to  receive  the  cores  for 
the  arms  and  boss.  The  hole  in  the  top  of  the  pedestal  is  fitted 
with  a  cover  to  keep  out  the  sand,  and  is  then  covered  over  with 
sand,  which  protects  the  pedestal  against  the  action  of  the  hot 
metaL  The  centre  core  for  the  wheel  is  adjusted  as  usual  from  the 
circumference,  and  the  cores  for  the  arms  are  set  to  their  places,  by 
means  of  wood  gauges  showing  the  thickness  of  the  arms  and  rim. 
The  top  box  is  then  put  on,  to  cover  the  mould,  being  placed  in  its 
correct  position  by  stacks  previously  mentioned ;  the  gate  or  runner 
is  formed,  the  box  duly  weighted,  and  the  whole  is  ready  for 
casting. 

Another  good  machine  for  wheel  moulding  is  that  invented 
by  Wm.  Whittaker,  Oldham,  which  is  shown  in  plan  and  section 
in  Plate  LVI. 

A  is  a  circular  framework  cast  in  one  piece,  and  supporting  ther 
other  parts  of  the  machine.    B  is  a  circular  table,  and  to  this 
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is  keyed  b  very  Boomatdy  finiahed  diridiug  wheel  M ,  contaimng 
240  teeth,  or  some  other  equally  dirisible  nmnber,  by  which  the 
table  IB  leTolved,  md  each  reTolntioB  is  divided  into  the  number  of 
teeth  required  in  the  wheel  to  be  monlded,  motion  being  oommimi- 
csted  through  the  change  wheels  0  P,  from  the  handle  X,  to  the 
worm  C,  working  in  the  worm-wheel  M. 

The  dividing  wheel  M  and  the  worm  C  are  well  protected  from 
the  dnst  and  grit,  which  accnmnlate  in  a  foundry,  and  if  lodging 
on  the  worm  or  wheel,  would  be  very  injnrioua  to  such  an  impCHrtaot 
part  of  the  machine,  D  is  a  tamed  pillar  fitted  in  £he  socket  B,  in 
which  it  slidce  np  and  down  to  suit  the  depth  of  wheel  to  be  made, 
and  supported  by  the  rack  K  The  pillar  will  revolve  to  obtain 
any  radius  required,  from  the  centre  J  to  the  pitch  line  of  the 
pattern  T. 

F  is  a  horizontal  slide,  used  chiefly  in  making  worm-wheels. 
At  the  end  of  the  slide  F  is  the  vertical  slide  G,  for  lowering  and 
raising  the  pattern  T  to  aai  &om  the  mould. 

Having  ascertained  the  sizes  of  wheels  to  be  made,  it  is  ne- 
cessary to  set  them  out  fall  raze  in  section  on  a  drawing  board, 
in  order  to  get  the  proper  form  of  etrickling  board  and  core-box  for 
the  arms.  It  is  also  necessary  to  draw  in  fall  a  short  segment  of 
rim,  showing  the  proper  form  and  size  of  a  few  cogs.  The  block  or 
segment  pattern  is  made  with  two  teeth  only,  as  with  Boott's 
machine. 
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sorfaoe  for  the  two  monlds.  The  board  is  bolted  or  screwed  to  the 
iron  bracket  Y,  through  which  is  bored  the  hole  x,  to  fit  on  the 
spindle  J,  in  the  centre  of  the  machine.  The  same  bracket  is  used 
for  all  wheels,  as  the  boards  can  be  detached  by  taking  out  the  bolts 
or  screws. 

The  other  part  of  the  pattern  is  the  core-box  for  space  between 
arms,  rim,  and  boss.  It  is  not  necessary  to  enter  into  any  descrip- 
tion farther  than  that  it  is  used  to  form  the  section,  rim,  boss,  and 
space  required  between  the  arms  of  wheel  intended  to  be  made,  one 
box  serving  for  the  whole  wheel. 

The  moulding  boxes  to  be  used  with  this  machine  are  bored, 
turned  at  the  joints,  and  fitted  together  in  pairs,  the  bottom  box 
L  only  being  used  on  the  table  of  the  machine.  The  slides  F  Ot, 
to  which  are  attached  the  whole  of  the  top  part  of  the  machine,  are 
bolted  to  the  top  of  the  pillar  D  through  the  flange  D^.  By 
reyolving  the  pillar  D,  the  whole  of  the  slides  F  Ot  and  appendages 
are  moved  from  over  the  table  6,  leaving  the  table  quite  clear  and 
free  from  all  obstructions.  The  moulding  box  L  is  then  placed  on 
the  table  B.  The  centres  of  the  table  and  moulding  box  are  bored 
one  size  to  fit  the  centre  spindle  J,  which  is  dropped  into  both 
centres,  after  placing  the  box  on  the  table.  The  box  is  then  filled 
with  sand,  and  rammed  in  the  usual  way,  leaving  sufficient  space  for 
filling  or  fiEu^g  up  the  mould  with  new  sand. 

The  strickling  board.  Fig.  3  or  4,  is  then  applied ;  the  hole  x 
in  the  bracket  Y,  to  which  the  strickling  board  is  attached,  being 
bored  to  fit  the  centre  spindle  J,  on  which  it  revolves,  supported  in 
the  centre  by  a  hoop  on  the  spindle  J,  and  the  edge  c,  resting  on 
the  top  edge  of  the  box  L.  By  moving  the  board  round,  the 
spindle  describes  the  proper  form  of  mould  preparatory  to  receiving 
i^e  teetL 

The  segment,  or  pattern  T,  is  screwed  to  an  iron  angle  bracket, 
and  secured  in  the  socket  Z.  The  upper  portion  of  the  machine 
G  Z  is  then  brought  in  position  over  the  mould  and  secured ;  the 
proper  radius  and  position  being  ascertained,  the  pattern  is  lowered 
on  the  sand-bed  already  prepared  by  the  strickling  board. 

Prior  to  this  the  number  of  teeth  in  the  wheel  intended  to  be 
moulded  being  found,  the  operator  puts  on  the  requisite  change 
wheels  0  P,  coinciding  with  the  dividing  wheel  and  the  wheel  to  be 
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moulded.  There  is  a  list  or  table  of  olisngeB  sent  irith  each 
machine,  showing  yrhai  wheels  to  use  and  how  to  place  them,  bo 
that  the  time  and  tronble  of  the  workman  having  to  calculate  these 
himedf  is  dispensed  with. 

Say,  for  example,  there  is  a  wheel  to  make  with  fifty-five  oogs, 
he  wonld  place  them,  according  to  the  Table,  in  the  following 
order: — 


(aoTtomapa 


If  the  machine  is  heavy  to  wwk,  tbrongh  having  a  large  box 
filled  with  sand,  the  telieving  acrew  W  is  applied  to  the  bottom 
of  spindle  J,  and  the  machine  will  then  work  with  ease. 

The  workman  then  proceeds  with  filling  in  betwe^i  the  two 
teeth  in  the  pattern  with  sand,  and,  having  rammed  the  sand 
to  sufficient  and  nniform  hardness,  he  raises  the  pattern  fixon  the 
sand  by  the  hand-wheel  H,  working  a  pinion  and  rack  which  raises 
the  vertical  slide  Q  to  which  the  pattern  is  attached,  and  is  held 
when  raised  1^  ratchet-wheel  and  retaining  pall. 

The  reqaimte  number  of  tnms  is  then  made  with  the  handle  N, 
and  the  pattern  lowered  into  the  mould  by  the  hand-wheel  H.  On 
lowering  the  pattern  in  the  sand  for  the  second  tooth,  the  operator 
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two  teeth  of  the  pattern  with  sand  as  before,  and  do  repeats  the 
operation  nntil  the  whole  wheel  is  finished. 

It  is  obvions  that  by  the  above  process  the  moulder  cannot  err, 
for  the  first  tooth  will  indicate  any  irregnlarity,  whether  in  size  of 
wheel  or  number  of  teeth. 

Having  filled  in  and  rammed  all  the  teeth  required,  the  box  L, 
containing  the  mould,  can  be  removed  from  the  machine,  and 
placed  on  the  foundry  floor,  and  the  machine  is  ready  to  receive 
another  wheel.  It  is  not  necessary  to  case  or  even  to  finish  the 
mould  on  the  machine,  but  having  removed  the  mould  entirely 
from  the  machine  to  the  floor,  another  workman  can  easily  finish  it 
by  putting  in  the  arm  cores,  centre  core,  and  making  the  top  part, 
and  putting  the  boxes  together,  whilst  some  one  accustomed  to 
working  the  machine  is  proceeding  with  another  wheel 

The  top  part  or  box  does  not  require  to  be  placed  on  the 
machine  at  all.  It  has  a  small  hole  bored  through  the  centre,  in 
which  is  fitted  a  spindle,  and  on  this  spindle  the  bracket  Y  fits 
exactly  as  in  the  bottom  part ;  the  board  does  not  require  taking  off 
the  bracket,  but  both  are  inverted  together,  and  the  edges  d  e  serve 
the  same  purpose  in  the  top  box  that  a  &  c  did  in  the  bottom  box. 

Having  done  this,  and  faced  up  and  finished  the  moulds  with 
charcoal  or  other  powder  in  the  usual  way,  the  boxes  are  put 
together  and  the  mould  is  ready  for  casting. 

The  use  of  gear-wheels  to  effect  the  regular  movement  of  the 
table  in  wheel-moulding  machines  has  been  objected  to  by  some, 
and  in  Bellington  and  Darbyshire's  machine  the  use  of  geared 
wheels  is  done  away  with,  and  their  place  is  taken  by  adapting  to 
the  table  a  perforated  rim  or  ring  of  metal,  called  the  dividing 
ring,  which  is  placed  above  the  periphery  of  the  revolving  table, 
and  arranged  to  operate  in  conjunction  with  a  locking  device.  The 
ring  or  rim  is  made  to  answer  the  same  purpose  as  the  dividing 
plate  on  a  wheel-cutting  machine,  and  to  this  end  is  perforated  with 
a  series  of  sets  of  holes  in  parallel  lines  around  its  periphery. 

The  table  is  held  firmly  in  the  required  position  by  means  of  a 
screw  pin  suitably  mounted,  the  end  of  which  engages  with  the 
holes  on  the  dividing  ring,  and  after  each  tooth  of  the  wheel  has 
been  moulded,  the  screw  or  pin  may  be  withdrawn,  until  the  next 
hole  in  the  dividing  ring  is  brought  opposite  to  it,  by  the  turning 
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of  the  table  by  means  of  the  aerew  and  worm-wheel,  to  be  again 
held  in  poeitiott  dming  tiie  opeistioD  of  moulding  the  next  tooth. 
By  this  arrangement  the  reTolving  table  itaelf  is  fastened  directly 
uid  aeoorely  in  pootion,  at  a  point  onteide  its  largeet  diameter,  thns 
giring  to  it  a  maximam  of  Bteadiuees,  which  cannot  be  attained  l^ 
any  arrangement  of  geared  wheels. 

The  cost  of  patterns  foi  machine-wheel  moolding  is  merely 
iKmunal,  compared  with  the  T"'^^'"g  of  whole  pattomB,  and  if 
deatrc^ed  these  are  easily  replaced.  Again,  the  storage  for  whole 
patterns  is  generally  very  large  and  expensiTe,  whereas  if  made  by 
machine  the  storage  will  not  exceed  10  to  20  per  cent,  of  the  room 
oocnpied  by  whole  patterns.  "Whole  patterns  are  very  sabject  to 
get  out  of  truth  by  variations  of  temperature,  and  it  is  rery  oostly, 
even  if  at  all  practicable,  to  keep  a  room  at  one  temperatiu^  On 
the  other  band,  if  the  blocks  for  wheel  moulding  get  ont  of  truth, 
they  are  Boon  replaced  at  a  very  small  cost,  and  wheels  made  by 
machinery  are  certainly  m(H«  accurate  than  wheels  made  fiom  a 
pattern. 

In  Whittaker's  machine  every  arrangement  is  very  oouTeoient 
and  compact,  each  machine  being  so  constmcted  that  a  wheel  can 
be  made  in  it  from  8  inches  to  12  feet  diameter.  The  workman  is 
in  an  upright  stationary  position  whilst  at  work,  which  enables  him 
to  work  with  more  power,  comfort,  and  leas  &tigue  than  if  in  s 
kneeling  or  stooping  position,  while  all  his  sand,  toolf^  and  a^H 
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OHIIiL-OASTIKa. 

GniLL-OAsiiNa  conyerts  into  white  iron  the  outer  skin  of  a  casting 
made  from  certain  qnalities  of  cast  iron ;  the  depth  to  which  this 
alteration  extends  is  capable  of  being  regnlated.  This  white  cast 
iron  is  very  hard,  brittle,  and  crystalline,  and  scarcely  differs  either 
in  chemical  or  physical  properties  from  steel,  except  that  it  cannot 
be  '^  tempered."  In  this  case  the  whole,  or  nearly  the  whole,  of  the 
carbon  contained  in  the  iron  is  in  a  state  of  chemical  combination 
with  it ;  whilst  in  the  darker  irons  most  of  the  carbon  is  diffused 
throughout  the  mass  in  the  form  of  small  particles  or  scales. 

If  the  cast  iron  contains  a  large  proportion  of  manganese,  the 
amount  of  combined  carbon  may  be  as  much  as  10  per  cent.,  but 
ordinary  pig  iron  seldom  contains  more  than  5  per  cent,  of  com- 
bined carbon.  These  particles  of  uncombined  carbon  must,  whilst 
the  metal  is  in  a  melted  state,  be  combined  with  it,  for  being  of  a 
much  less  specific  gravity,  less  than  hal^  if  they  were  floating 
about  in  separate  particles,  they  would  necessarily  come  to  the  sur- 
face of  the  metal  It  is  therefore  assumed,  that  the  separation  of 
the  particles  of  carbon  takes  place  at  the  moment  of  solidification. 

K  a  thin  sheet  of  grey  cast  iron  is  rapidly  cooled,  it  becomes ' 
whiter,  that  is  to  say,  a  larger  proportion  of  its  carbon  is  held  in 
chemical  combination.  White  cast  iron  may  also  be  obtained  from 
grey  pig,  by  alternately  melting  and  cooling  it  in  the  ordinary 
manner.  When  it  is  desired  to  obtain  a  white  iron  direct  from 
the  blast-fumaoe,  the  proportion  of  fad  is  reduced  below  the 
amount  usually  allowed  for  the  same  quantity  of  ore  and  blast,  if  a 
good  grey  iron  were  required. 

These  facts  explain  the  results  which  are  obtained  by  the  process 
of  '^  chilling "  a  casting ;  where  the  skin  of  the  casting  is  in 
contact  with  the  ''  chill/'  it  is^  for  a  certain  distance  in,  conyerted 
into  a  hard  white  iron,  whilst  the  interior  of  the  casting  will 
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remaiii  of  the  same  general  nature,  es  to  colonr  and  tonghneas,  aa 
the  pig  &om  wMch  it  waa  cast  The  sadden  cooling  of  the  metal, 
prctrentB  the  comhined  carbon  near  the  ooter  portion  &om  separat- 
ing, whereaa  the  cooling  of  the  inner  portion  of  the  metal  being 
more  gradual,  allows  it  to  resume  ita  normal  condition.  The 
suspended  particles  of  carbon  vhich  are  held  in  the  metal  near  the 
exterior  of  the  casting,  are  snpposed  to  be  forced  inwards  into 
tiie  interior,  or  still  fluid  portion,  of  the  casting. 

All,  or  nearly  all,  the  carbon  in  the  chilled  portion  of  the  casting 
is  therefore  in  chemical  combination  with  the  metal,  whilst  that  in 
the  interior  remains  suspended  as  separate  atoms  or  scales.  Such 
is  the  generally  accepted  tiieory  of  chilled  castinga,  which  may 
indeed  be  open  to  objection ;  the  practical  result  is,  however,  beyond 
any  question. 

A  good  example  of  the  fbnn  of  chill-monlds  is  shown  in  Fig.  1, 
Plate  XLIX.,  which  represents  a  chill-mould  in  which  a  railway 
wheel  is  cast  It  conaists  of  three  boxes.  The  lower  is  a  box  of 
common  round  form,  merely  to  hold  the  sand  and  giro  support 
to  the  centre  core  and  the  middle  box.  The  upper  box  is  (rf  8 
similar  form,  ^so  round.  The  middle  box  1 1  is  a  solid  ring,  cast  of 
mottled  iron,  and  bored  out  upon  a  tnming  lathe,  giving  its 
interior  the  reverse  of  the  exact  outer  form  of  the  rim  of  the 
wheel.  This  middle  box  ought  to  be  at  least  as  heavy  as  the 
wheel  is  to  be  after  casting,  and  it  is  preferable  if  it  has  two  or 
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chill  is  too  heavy,  the  inner  parts  are  apt  to  suffer  from  the  cooling 
qualities  of  the  chill.  Success  in  this  branch  of  founding  depends 
very  much  on  the  quality  of  the  iron  of  which  the  wheels  are  cast. 
Soon  after  casting  such  wheels  it  is  advisable  to  open  the  mould, 
and  remove  the  sand  fix)m  the  central  portion,  so  as  to  make  it  cool 
fiister;  this  precaution  saves  many  castings,  not  only  in  this 
particular  case,  but  in  many  other  instances.  Uniformity,  in 
cooling  is  as  necessary  to  success  as  good  moulding. 

Chilled  rollers  are  the  most  important  examples  of  chilled" 
castings.  The  mould  for  a  chilled  roller  consists  of  three  parts,  as 
shown  in  Fig.  2,  Plate  XLIX.  The  lower  box  of  iron  or  wood  is 
filled  with  "  new  sand,"  or  a  strong  composition  of  clay  and  sand, 
in  which  a  wood  pattern  is  moulded,  which  forms  the  coupling  and 
the  neck  of  the  roller.  The  middle  part  of  the  mould  is  the  chill, 
a  heavy  iron  cylinder  well  bored.  The  upper  part  of  the  mould 
again  consists  of  a  box,  but  is  higher  than  the  lower  box,  so  as  to 
make  room  for  the  head  in  which  the  impurities  of  the  iron,  suUage, 
are  to  be  gathered.  The  two  boxes  with  their  contents  of  sand 
must  be  well  dried.  In  some  establishments  the  two  ends  of  the 
roller  are  moulded  in  loam,  over  the  chill,  to  secure  concentricity  of 
roller  and  coupling ;  but  this  can  be  quite  as  safely  arrived  at  by 
fitting  the  ears  and  pins  of  the  boxes  well  to  the  chill.  The 
chill  is  the  important  part  in  this  mould :  it  ought  to  be  at  least 
three  times  as  heavy  as  the  roller  which  is  to  be  cast  in  it,  and 
provided  with  wrought-iron  hoops  to  prevent  its  falling  to  pieces, 
for  it  will  certainly  crack  if  not  made  of  very  strong  cast  iron. 
The  iron  of  which  a  chill  is  cast  is  to  be  strong,  fine-grained,  and 
not  too  grey.  Grey  iron  is  too  bad  a  conductor  of  heat;  it  is 
liable  to  melt  with  the  cast  Iron  that  makes  a  good  roller  will 
make  a  good  dull.  The  face  of  the  mould  is  blackened  like  any 
other  mould,  but  the  blackening  must  be  stronger  than  in  other 
cases,  to  resist  more  the  abrasive  motion  of  the  fluid  metal.  The 
chill  is  blackened  with  a  thin  coating  of  very  fine  black-lead, 
mixed  with  the  purest  kind  of  day;  this  coating  is  to  be  very 
thin,  or  it  vdll  scale  off  before  it  is  of  service. 

The  most  important  point  in  making  chilled  rollers  is  the  mode 
of  casting  them,  and  the  quality  of  iron  used.  To  cast  a  roller, 
whether  a  chilled  roller  or  any  other,  from  above,  would  cause  a 
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feilaie.  All  rollers  moat  be  cast  from  below.  It  is  not  Bnffident 
to  condoot  the  iron  in  bdow ;  there  is  a  jnrticiil&r  vay  in  which  the 
best  roller  may  be  cast,  for  almost  OTery  kind  of  iron.  The  general 
mode  is  shown  in  Fig.  2.  In  0  is  represented  the  cast-gate  and 
channel,  as  it  is  seen  from  above.  The  gate  is  oondncted  to  the 
lower  jonmol  (tf  the  roller,  and  its  channel  continaes  to  a  oertain 
distance  aroond  it.  It  tonches  the  monld  in  a  tangential  direction. 
In  casting  fluid  metal  in  this  gate  the  metal  will  aasome  a  rotary 
motion  around  the  axis  of  the  toller,  or  the  axis  of  the  mould. 
This  motion  wiU  carry  all  the  heavy  and  pure  iron  towards  the 
periphery,  or  the  &ce  of  the  mould,  and  tiie  snilage  will  concen- 
tiste  in  the  centre.  It  is  a  bed  plan  to  lead  the  current  of  hot  iron 
npon  the  chill,  for  it  would  bnm  a  hole  into  it,  and  melt  ohill  and 
roller  in  that  place  together.  The  gate  most  be  in  the  lower  box, 
in  the  sand  or  the  loam  mould.  The  quality  of  the  melted  iron 
modifies  in  some  measure  the  form  of  the  gate ;  stiff  or  cold  iron 
reqnireB  a  rapid  circular  motion,  while  finid,  thin  iron  most  have 
lees  motion,  or  it  is  liable  to  adhere  to  the  chill.  The  roller  most 
be  kept  in  the  monld  until  perfectly  cool,  but  the  cooling  may  be 
accelerated  by  digging  np  the  sand  aroond  the  chill. 

Many  anvils,  vices,  and  other  articles  are  made  of  cast  iron, 
mounted  with  steel;  the  welding  together  of  steel  and  oast  iron 
is  not  difficult,  if  the  steel  is  not  too  re&actory.  Tins  process  will 
not  sncceed  well  with  shear  steel,  and  hardly  with  blistered  steel ; 
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grey,  but  not  too  giey,  or  the  xmion  of  the  iron  and  steel  is  not 
strong.  White  cast  iron  will  not  answer  in  this  case,  partly  because 
the  casting  would  be  too  weak,  but  chiefly  because  the  cast  iron 
would  fly  or  crack,  in  hardening  the  steel.  The  hardening  is  done 
under  a  considerable  heat,  with  an  access  of  water  feJling  &om  an 
elevation  of  10  feet  or  more. 

As  an  instance  of  the  very  usefol  effect  of  chilling,  may  he 
cited  the  chilled  cast-iron  railway  chairs,  invented  about  twenty-ive 
years  ago,  by  E.  A.  Cowper,  which  speedily  came  into  very  general 
use.  As  the  invention  was  simply  a  cheaper  mode  of  producing 
better  castings,  it  may  be  described  in  a  very  few  words. 

The  importance  of  a  railway  chair  being  a  strong,  accurate,  and 
sound  casting,  must  at  once  be  apparent  to  every  mechanical  man ; 
as  the  &dlure  of  any  one  of  these  on  a  line  of  railway  may  be 
attended  with  most  serious  consequences. 

On  referring  to  Plate  XLIX.  it  will  be  seen  that  A  A,  in  Fig.  3,  is 
the  iron  pattern ;  the  inside  of  the  pattern  is  not  the  shape  of  the 
intended  chair,  but  the  edges  of  the  jaws  are  provided  to  receive 
cast-iron  chill-plates,  B  and  C,  which  are  made  so  as  to  give  the 
required  form  to  the  inside  of  the  casting.  These  chill-plates  are 
dotted  in  Fig.  3,  and  they  are  shown  separately  in  Figs.  5  and  6, 
and  in  section  in  Fig.  6. 

The  pattern  being  placed  in  the  moulding  box,  as  shown  in 
Fig.  3,  the  chill-plates  were  placed  therein,  one  in  contact  with  each 
jaw  of  the  pattern.  The  sand  was  thrown  into  the  box,  and  some 
of  it  rammed  between  the  chill-plates,  thus  effectually  securing 
their  close  contact  with  the  pattern ;  the  remainder  of  the  sand 
was  well  rammed  in,  until  the  box  was  fall.  The  box  and  its 
contents  were  then  turned  upside  down,  in  the  usual  way;  the 
pattern  slightly  rapped,  and  afterwards  withdrawn,  by  means  of  a 
screwed  lifting  pin ;  the  chill-plates  being  left  in  the  sand,  formed 
a  good  guide  to  the  pattern  as  it  was  withdrawn.  The  top  box  was 
put  on,  having  previously  been  rammed  up  on  another  board, 
technically  called  an  "  odd-side  board  " ;  the  melted  metal  was  then 
poured  in,  and  the  casting  was  complete.  As  soon  as  the  metal 
had  thoroughly  set,  the  casting  was  turned  out,  and  the  chill-plates 
dropped  out  of  themselves.  The  finished  chair  is  shown  in  Fig.  5^ 
and  D  D  are  the  two  portions  that  are  cast  in  the  chills  B  and  C. 
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The  chill-plstea  were  simply  good  'castings,  made  tram  an.  mm 
pattern,  not  filed  up,  or  fitted  in  any  way,  as  the  iron  pattern  of 
the  chBir  was  fitted  to  them,  and  the  metal-chills  being  okiedy 
pressed  by  the  sand  against  the  metal  pattern,  great  Bcoiuaoy 
was  obtained  in  the  position  of  the  chills ;  indeed,  it  wag  a  very 
rare  thing  for  the  shape  or  inclination  of  the  jaws  of  the  chair  to 
vary  anything  like  ^  of  an  inch. 

It  was  fonnd  that  the  cbill-pUt«e  stood  exceedingly  well,  and  in 
&ot  many  hundred  tons  might  be  cast  off  one  set  of  them ;  this 
was  partly  owing  te  their  not  beiag  very  thick,  so  that  they  soon 
got  hot  throngh,  and  did  not  strain  or  warp;  the  chairs  wata 
chilled  jast  sufficiently  to  give  a  good,  tme  hee,  bnt  were  not 
cshilled-in  very  deep,  in  conseqaence  of  the  chill-plates  not  b^ng 
TCiy  thick,  and  the  chairs  themselves  containing  a  large  qnanti^ 
of  metal 

On  this  plan  of  casting  chairs,  boys  only  were  employed  for 
monlding,  as  the  great  ease  and  safety  with  which  the  pattern  was 
withdrawn  did  away  with  the  necesnty  of  regular  motUders  being 
employed ;  thns  considerably  redncing  the  cost  of  the  chaiis. 

"  Chills  "  are  almost  always  made  of  cast  iron,  in  a  fbw  excep- 
tional casee  only  is  wrought  iron  subetitnted. 

The  greatest  practical  advantage  to  be  derived  &om  the  fxooetm 
of  chilling  is  in  cases  where  a  union  of  several  opposite  qnalitiee  is 
desired  in  the  same  casting.    It  would  be  difficult  to  ovei-eatimate 
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necessary  to  melt  up  a  suitable  proportion  of  hard  white  scrap  cast 
iron,  with  the  soft  dark  grey  iron,  which  alone  would  scarcely  chill 
at  all. 

Hard,  tongh,  bright  grey,  or  mottled  pig,  having  small  crystab 
and  a  good  uniform  texture,  are  well  adapted  for  the  purpose,  pro- 
vided they  do  not  contain  an  excess  of  uncombined  carbon ;  the 
presence  of  manganese  in  the  pig  iron,  or  the  addition  of  a  little 
spiegeleisen,  improves  the  quaUty  of  the  castings. 

Where  the  shape  and  size  of  the  casting  are  such  that  the  mass 
of  metal  in  the  interior  will  long  retain  its  heat,  much  of  the  effect 
of  chilling  is  lost ;  the  greater  the  proportion  the  chilled  surface 
bears  to  the  size  of  the  casting,  the  more  effectual  the  chilling  will 
be.  The  depth  to  which  the  "  chill "  may  be  formed  in  castings 
admits  of  a  certain  amount  of  regulation,  but  there  are  also  circum- 
stances affecting  the  castings  which  are  at  times  almost  beyond 
control 

It  is  not  always  possible  to  obtain  the  right  quality  of  iron ;  the 
size  and  shape  of  a  casting  cannot  always  be  well  adapted  for  chill- 
ing ;  or  the  chill-moulds  may  not  be  of  sufficient  depth  of  metal,  to 
conduct  away  the  heat  from  the  molten  metal  with  the  necessary 
rapidity,  to  allow  it  to  solidify  without  being  again  melted  by  the 
radiation  of  heat  from  the  still  molten  metal  in  the  interior. 

Assuming  a  cylindrical  casting  of  some  8  or  10  inches  diameter, 
a  depth  of  chill  of  at  least  1  inch  can  be  obtained,  provided  the 
metal  employed  is  at  all  fit  for  the  purpose,  and  with  the  iron  best 
suited  for  chilling  a  much  greater  depth  can  be  obtained,  with 
proper  care  as  to  the  moulds,  &c.  But  in  the  great  majority  of 
casee  1  inch  depth  of  chill  is  sufficient. 

For  castings  that  will  have  much  surfeice  wear,  such  as  in  rolling 
metal,  or  crushing  minerals,  allowance  should  be  made  in  the  depth 
of  the  chill  for  the  removal  of  the  exterior  of  the  rolls,  by  their 
repeatedly  being  turned  in  the  lathe,  as  their  surfaces  become  worn 
or  injured  in  use. 

At  the  same  time  it  must  be  remembered,  that  the  greater  the 
depth  to  which  the  chill  is  carried  the  more  brittle  is  the  casting. 
The  chief  strength  of  the  casting  is  in  its  tough,  unaltered,  metal 
beneath  the  hard  chilled  surface. 

In  considering  the  advisability  of  the  greater  or  less  dejith  of 
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oIiiB,  Uieiefiwe,  eetinute  the  extent  to  wUcb  the  osBting  may  be 
worn  or  tamed  before  it  becomes  neoessary  to  r^iUce  it 

Avoid  chilling  to  a  greater  depth  thui  necflssary,  eepedally  in 
oases  where  strength  is  required  in 'the  castings,  to  reeist  tnmsniree 
and  other  strains. 

In  casting  large  chilled  roUs,  &e  moulds  for  the  ends  and  necks 
should  be  of  dry  sand,  or  loam,  properly  bnilt  np  and  connected 
with  the  iron  chill  for  the  roll  itself.  Or  the  iron  chill  for  the  ends 
and  necks  can  be  made  much  thinner  and  lighter  in  substance  than 
that  for  the  centre. 

The  mass  of  metal  in  the  chill  largely  influences  the  depth  of  the 
chilled  portion  of  a  cas^g ;  it  is  necessary  not  only  that  it  should  be 
sufficient  to  reduce  the  temperature,  in  a  few  minutes,  of  the  iron  on 
the  surface  &om,  the  temperature  at  which  it  is  poured,  eay  2500'^ 
Fahr.,  to  that  of  solidificatdou,  say  about  1000°,  wh^i  it  is  bright 
red  in  daylight,  but  also  that  it  should  be  capable  of  absorbing  the 
heat  which  will  radiate  from  the  interior  of  the  casting,  so  as  to 
prevent  the  solidified  and  chilled  surface  from  being  remelted  hj 
the  radiation  of  internal  heat. 

Moisture  in  moulds  is  at  all  times  dangerous,  but  when  these 
are  made  of  sand  or  loam,  the  danger  is  lessened  to  a  certain  extent 
by  the  porous  material  allowing  of  the  escape  of  some  of  the  pent- 
Qp  gasee  and  steam  generated  by  the  intense  heat  of  the  cast 
metal. 
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The  steam  and  gases  i;?liich  would  be  formed  in  a  damp  chill- 
monldy  when  ihe  metal  was  ponred,  having  no  means  of  escape^ 
wonid  acquire  tremendous  expansive  force,  and  would  either  burst 
the  mould  and  send  the  liquid  iron  spirtiug  about  amongst  the 
founders,  or  at  least,  ruin  the  casting  and  distort  the  mould. 

It  would  appear  that  to  heat  the  mould  would  impair  its 
property  of  chilling  the  metal  poured  into  it.  Yet  in  practice  it  is 
not  found  to  have  this  effect  even  when  heated  to  250^  Fahr. 

It  is  even  asserted  that  a  superior  "  chill "  is  obtained  &om  a  hot 
mould  than  from  a  cold  one,  casteris  paribus ;  it  must  be  remembered 
that  with  a  mould  heated  even  to  250^,  there  is  a  large  margin  of 
difference  between  that  temperature  and  that  of  the  melted  iron 
poured  into  it,  and  it  is  supposed  that  the  chill  has  a  greater 
tendency  to  conduct  away  heat  from  the  metal  cast  in  it,  if  it,  the 
chill,  be  previously  heated  to  about  the  temperature  above  named. 

The  heat  given  out  by  the  cast  metal,  penetrates  through  the 
chill  with  extraordinary  rapidity,  and  if  the  walls  of  the  chill  are 
not  sufficiently  thick  to  absorb  the  greater  portion  of  the  heat,  con- 
siderable risk  is  run,  that  either  the  casting  and  the  mould  may 
fase  together  in  one  solid  mass,  or  that  the  effect  of  chilling  may 
be  neutralized^  by  the  heat  evolved  from  the  central  portion  of  the 
casting  not  being  conducted  away  with  sufficient  rapidity.  It  may 
be  assumed  that  cast  iron  expands  slightly  at  the  moment  when  it 
passes  from  the  liquid  to  the  solid  form,  such  expansion,  of  course, 
tending  to  burst  the  mould. 

To  avoid  these  evils,  the  mass  of  the  chill  must  be  properly 
proportioned  to  the  area  of  the  portion  of  the  casting  which  re- 
quires to  be  chilled,  in  relation  to  its  entire  bulk.  In  the  case  of  a 
casting  which  has  to  be  chilled  over  its  entire  surfiu^,  the  weight 
of  the  chill-mould  should  be  about  three  times  that  of  the  casting 
to  be  made  from  it,  presuming  the  casting  not  to  be  of  exceptionally 
large  dimensions. 

So  varied,  however,  are  the  circumstances  under  which  chill- 
moulds  have  to  be  employed,  that  experience  is  almost  the  only 
possible  guide  for  their  construction. 

It  is  desirable  not  to  make  the  chill-mould  thicker  than  is 
necessary  to  enable  it  to  carry  off  the  amount  of  heat  from  the 
casting,  from  the  fact  that  the  thicker  it  is  the  more  liable  it  is  to 
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craok,  from  the  aerere  etniiiB  put  npon  it  by  the  ezpamdoii  of  its 
inner  portion,  when  the  gre&t  and  sodden  he&t  of  the  molten  metal 
fiisi  comee  npon  it. 

This  expaoedon  and  the  snhseqnent  contraction  in  cooling  can- 
not but  be  iinec[aal,  and  the  larger  and  thicker  tiie  cbill'inoiild,  ibe 
greater  is  the  nak  of  a  fr&etnre. 

In  the  preparation  of  large  chills  it  is  always  advisable  to  shrink 
wronght-iron  hoops  round  them  where  possible. 

Certain  reenlte  have  to  be  decided  npon  beforehand,  and  the 
fomider  mnst  use  his  utmost  skill  to  attain  them  in  the  safest  and 
most  economical  manner ;  the  utmost  that  science  can  do  to  assist 
him  consiBts  in  pointing  ont  what  evils  to  avoid,  or  how  best  to 
rectiiy  the  damages  occasioned  by  want  of  judgment  or  soientifio 
knowledge. 

In  a  foundry  where  many  chilled  castings  from  differmt  moulds 
have  to  be  made,  it  will  be  apparent  that  it  is  to  the  interest  of  ttie 
founder  not  to  make  these  chills  any  larger,  or  heavier,  than  ia 
absolutely  necessary  to  effect  the  desired  result ;  cost  of  the  metal 
in  the  moulds,  and  the  amount  of  room  required  for  their  storage 
sufficiently  explain  this. 

There  are  several  ways  of  finishing  the  interior  soriaoee  of  the 
chill  mould  before  using  it  for  casting. 

For  fine  castings  the  mould  mnst  either  be  bored  or  machine 
planed,  after  which  a  coat  of  rust  is  allowed  to  form  upon  it ;  this  is 
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to  part  with  its  heat  so  rapidly  on  entering  the  monld,  that  it  may 
solidify  in  irregular  blotches,  or  clots,  if  it  has  not  a  sufficient  store 
of  surplus  heat  to  keep  the  whole  of  the  mass  of  metal  in  aliquid, 
or  nearly  liquid,  state  until  the  completion  of  the  pouring. 

For  the  same  reason,  the  casting  arrangements  should  be  such, 
that  the  mould  may  be  rapidly  filled  by  a  large  stream  or  streams 
of  metal,  so  directed,  however,  as  to  avoid,  as  far  as  possible,  coming 
into  continued  and  violent  contact  with  the  surface  of  the  chill, 
which  would  thus  soon  become  seriously  damaged  at  such  points  of 
contact.  The  life  of  a  chill-mould  depends  considerably  upon  the 
care  with  which  it  is  used ;  if  its  surface  becomes  slightly  damaged 
from  the  action  of  the  molten  metal,  it  may  be  patched  up  with  a 
little  loam,  but  wherever  such  patching  occurs,  the  uniformity  of 
the  chill  on  the  casting  will  be  destroyed. 

For  fine  work,  or  for  castings  where  dimensions  must  be  stricUy 
adhered  to,  a  very  slight  damage  to  the  mould  is  fiEktal  to  it. 

In  many  cases,  however,  when  the  mould  is  only  slightly 
roughened  in  parts,  it  can  be  rebored,  and  made  to  do  duty  again. 
Of  course,  care  must  be  taken  not  to  remove  a  thicker  skin  of  the 
mould  than  is  necessary  to  get  a  smooth,  even  surface. 

In  the  choice  of  the  metal  used  for  the  chill-moulds,  the  founder 
has  to  consider  whether  he  will  be  guided  in  his  selection  by 
economy  or  durability. 

If  the  mould  is  likely  to  be  one  in  great  request,  he  should 
choose  a  hard,  dense,  close-grained  pig  iron  from  which  to  cast  it, 
in  fact,  as  we  have  before  said,  a  metal  very  similar  to  that  described 
as  most  suitable  for  the  chill-castings  themselves. 

In  other  cases,  however,  not  much  care  need  be  exercised  in 
the  selection  of  the  metal  for  the  chills,  except  that  very  dark 
Scotch  iron,  which  is  not  at  all  suitable  for  the  chilled  castings, 
is  also  not  well  adapted  for  the  chill-moulds. 

It  is  impossible  to  lay  down  rules  as  to  the  exact  dimensions 
of  a  chill-mould  which  is  required  to  produce  a  certain-sized  casting. 
In  addition  to  allowance  for  the  shrinkage  of  the  casting  on  cooling, 
the  sudden  expansion  of  the  mould  itself,  when  the  hot  metal  enters 
it,  must  be  taken  into  account. 

That  part  of  the  mould  which  first  receives  the  flow  of  the 
hottest  metal,  not  only  expands  most  from  having  to  bear  the  first 
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Bodden  inoement  of  heat,  bat  has  also  to  bear  the  weigbt  doe  to 
the  bend  of  metal  afterwards  ponred  in,  until  the  casting  has  cooled 
^nd  solidified  sufficiently  to  reliere  tKe  mould  of  this  pressnre. 
Conseqnently,  it  ma;  be  inferred  that  the  actual  dimensioDB  of  a 
casting,  will  be  that  of  the  interior  of  the  chill-moald,  when  it  has 
been  expanded  to  the  extent  due  to  the  temperatnre  of  molten  cast 
iron,  when  Just  on  the  point  of  solidification,  mions  the  amonnt 
of  snbseqaent  contraction  of  the  casting,  during  the  pTooesa  of 
cooling  down  to  the  temperature  of  the  atmoepbere. 

The  metal  being  ponred  into  the  chill,  two  actions  immediately 
set  in;  the  skin  of  the  casting  solidifies,  and  the  metal  in  the 
interior  commences  to  part  with  its  heat,  contracting  away  bom 
the  interior  of  the  mould  as  it  does  so.  The  mould,  at  the  same 
time  absorbing  heat,  expands  away  &om  the  exterior  of  the  casting. 
The  moment  when  the  distance  between  the  chill  and  the  casting 
has  reached  its  TnaT;i'fnTiTin^  is,  theoretically,  the  time  when  the  cast- 
ing should  be  removed  irom  the  mould.  Experience,  and  the 
nature  of  the  work  in  hand,  must  guide  the  moulder  as  to  the 
safest  time  to  withdraw  his  casting ;  if  he  attempts  to  do  it  too 
quickly,  be  may  distort  its  shape,  &om  its  being  as  yet  too  hot  and 
soft  to  bear  the  etrain;  if  he  leaves  it  too  long,  the  chill-monld 
may  have  commenced  to  contract  round  the  casting,  and  thus  bind 
it  bard  and  &st,  besides  having  spoilt  the  chill  soriace,  as  before 
described.    The  higher  the  temperatore  of  the  oast  iron  when 
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of  the  heated  inner  portion  to  expand,  being  opposed  by  the  rigidity 
of  the  outer  and  cooler  portion. 

Haying  withdrawn  the  casting  ttom  the  monld,  it  should  be 
allowed  to  get  quite  cold  as  soon  as  it  possibly  can  by  radiation. 
No  artificial  cooling,  by  cold  water,  &c.,  should  be  resorted  to,  as 
likely  to  distort  or  fracture  the  casting;  and  no  farther  increase 
of  hardness  can  be  obtained  in  this  manner. 

Chilled  cast  iron  and  cast  steel,  similar  as  they  are  in  many 
respects,  have  this  important  difference,  that  the  one,  cast  iron, 
cannot  be  hardened  by  plunging  hot  into  cold  water,  whilst  the 
other,  steel,  can  be  hardened  in  that  manner. 

Avoid  placing  the  casting  in  such  an  attitude,  or  in  such 
a  locality,  as  to  expose  it  to  undue  strains,  or  to  currents  of  air, 
or  other  circumstances  likely  to  produce  distortion  or  unequal 
cooling. 

It  has  been  mentioned  that  a  chill-casting  which  has  been 
allowed  to  cool  down  in  the  mould  too  dowly,  owing  to  the  chill 
not  being  sufficiently  massive  for  its  duty,  or  for  other  reasons,  loses 
much  of  its  chilled  character,  allowing  a  considerable  portion  of  its 
contained  carbon  to  pass  into  its  former  uncombined  state,  and  the 
iron,  instead  of  being  hard  and  white,  more  nearly  resembles  the 
character  of  the  pig  from  which  it  was  originally  cast. 

Occasionally  this  quality  is  made  serviceable,  where  it  is  con- 
venient to  use  iron  moulds,  but  where  it  is  not  desired  that  the 
resulting  casting  shall  be  hard  or  chilled.  In  such  cases  a  pig  mm 
may  be  selected  which  is  of  a  bad  chilling  imture ;  or  after  the 
casting  has  been  made  in  the  chilled  mould,  it  may  be  rendered 
soft  and  tough  by  being  kept  for  several  days  at  a  low  red  heai 

Chills,  when  out  of  use,  should  be  protected  fr^m  rust  by  being 
greased  and  stacked  under  cover.  Before  being  again  used,  the 
grease  must  be  thoroughly  removed,  as  it  has  a  tendency  to  cause 
the  casting  to  solder  to  the  chill. 

We  conclude  this  chapter  with  a  description  of  the  American 
plan  of  making  railway  wheels,  in  which  chilling  in  casting  is 
employed  to  an  extent  unknown  in  any  other  industry. 

The  manufacture  of  chilled  cast-iron  railway  wheels  has  now 
become  a  very  important  industry  in  the  United  States,  upon  whose 
railway  system  of  75,000  miles  no  other  class  of  wheel  is  empbyed 
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to  an;  great  extent,  at  least  for  paaeengei  and  fright  roUing  stock. 
There  are  a  large  number  of  cast-iron  wheel  works  in  the  oonntry, 
varjring  in  capacity  of  prodnotion  from  450  down  to  40  or  50 
wheels  pet  day,  and  soch  improvementa  have  been  introduced  into 
the  mann&ctnre  that,  whereas  some  time  since  railway  accddento 
arisng  from  broken  wheels  were  common,  of  late  years  snch  a  mis- 
chance is  almost  nnknown.  One  of  the  most  important  improre- 
ments  in  the  process  of  manufacture,  consists  in  mixing  with  the 
pig  iron  a  certain  proportion  of  Bessemer  steel,  crop  ends  of  rails 
being  most  conveniently  osed  for  this  pnrpoee.  This  mixture, 
beeodes  improving  the  chilling  qualities  of  the  wheel,  adds  greatly 
to  its  strength,  and  even  allows  of  the  nse  of  anthracite  in  the  place 
of  charcoal  pig  iron. 

At  the  works  of  Messrs,  A.  Whitney  and  Sons,  of  Philadelphia, 
one  of  the  largest  establishments  for  the  manafactnre  of  chilled 
wheels  in  the  United  States,  the  different  processes  have  been 
brought  to  a  high  degree  of  perfection.  The  following  is  a  brief 
description  of  the  factory,  and  the  manner  in  which  the  work 
is  advanced  from  stage  to  stage.  Of  course  the  foundry  is  the 
most  important  portion  of  the  whole  works.  It  is  a  fine  building, 
450  feet  long  and  50  feet  wide,  with  two  lines  of  rails  mnning 
down  its  whole  length,  except  opposite  the  fomacee.  The  r^ls  are 
laid  to  a  gange  of  about  10  feet,  and  upon  them  are  placed  twelve 
light  travelling  cranee,  with  a  platform  attached  to  the  centre  poat, 
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top  of  the  machine  and  one  at  the  bottom,  with  the  steam  cylinder 
between  the  two. 

The  mixing  of  the  irons  for  the  cupolas,  is  the  most  important 
and  difficult  operation  in  the  whole  course  of  the  mannfiEUitnre. 
Besides  the  steel  scrap,  nothing  but  charcoal  pig  iron  is  employed, 
and  of  this  from  twelve  to  twenty  different  kinds,  all  of  the  highest 
class,  are  used  in  varying  proportions.  But  these  mixtures  have  to 
be  altered  frequently,  owing  to  irregularities  in  the  nature  of  the 
metal,  and  daily  tests  are  made  with  a  view  of  ascertaining  what 
changes,  if  any,  have  to  be  introduced  into  the  next  day's  work. 
The  proportions  of  the  mixture  being  decided  upon,  the  cupolas 
are  charged,  a  ton  of  coal  being  first  put  in  the  bed  of  each  furnace. 
The  charge  is  then  carefully  loaded  upon  trucks,  upon  a  weighing 
platform.  Piles  of  the  various  pigs  are  placed  in  their  proper 
order  around  the  truck,  and  there  is  a  drum  upon  the  weighing 
machine,  on  which  a  sheet  of  paper  is  placed,  and  the  weights 
of  each  different  pig,  in  proper  order,  are  written  upon  it.  For  in- 
stance, the  workman  commences  with  250  lbs.  of  coal  in  his  truck ; 
he  then  places  125  lbs.  of  old  steel  rails,  125  lbs.  of  cinder  pig, 
350  lbs.  of  old  wheels,  and  so  on  through  the  long  list  of  charcoal 
pig  irons  employed,  the  old  material  being  placed  at  the  bottom  of 
the  famace.  The  weighing  platform  is  so  arranged  as  to  record  the 
accumulating  weights  as  the  drum  revolves,  bringing  before  the 
workman  the  name  and  quantity  of  each  successive  ingredient 
which  he  takes  from  its  respective  heap  before  him.  As  soon 
as  it  is  loaded,  the  truck  is  raised  to  the  top  of  the  cupola  by  an 
hydraulic  lift.  The  moulds,  when  ready,  are  placed  down  the 
building  in  four  rows,  one  on  each  side  of  the  two  lines  of  rail 
upon  which  the  cranes  run.  The  patterns  used  are  almost  all  in 
iron,  and  the  chills  in  the  moulds  are  of  cast  iron.  One  work- 
man can,  on  an  average,  mould  ten  wheels  a  day,  but  all  fEdlures 
in  the  casting,  arising  from  any  carelessness  in  moulding,  are 
charged  to  him  on  a  rapidly  increasing  scale. 

This  system  has  been  found  necessary,  as  the  men  are  paid  by 
the  piece,  and  if  only  the  price  paid  per  wheel  were  deducted  for 
the  spoilt  castings,  a  far  higher  average  of  failures  would  result, 
because  the  men  would  earn  higher  wages  by  working  &ster  and 
more  carelessly. 
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■  Before  the  metal  in  the  cnpOla  is  ready  to  mn,  a  ch&rooal  fire 
18  lighted  in  the  receiver  before  spoken  of,  in  order  to  warm  it^  and 
also  tiiat  when  filled,  the  metal  may  be  oovered  with  cbarcod,  and 
oxidation  checked.  In  a  similar  manner  the  ladles,  of  which  there 
are  a  very  large  number  employed,  hare  bnming  charcoal  placed  in 
them,  and  they  are  coated  internally  in  the  osnal  way.  ^Dieee 
ladles  are  cylindrical  pota  made  of  sheet  iron,  and  mounted  each  on 
a  pair  of  wheels  for  facility  of  transport.  On  the  sides  of  each 
ladle  are  two  sockets,  into  one  erf  which  the  end  of  a  long  iron 
handle  is  inserted  for  hauling  it  along  the  floor.  Also  at  each  end 
of  the  axle  is  a  square  hole,  into  which  is  placed  the  end  of  a  handle 
with  forked  ends.  The  ladle  being  ran  up  to  the  receiTer,  the 
latter  is  tipped  over  by  the  gearing  attached  to  it,  and  the  ladle  is 
charged ;  it  is  then  brought  along  the  floor  to  the  ciane,  which 
takes  hold  of  it,  the  two  square-ended  handles  before  mentioned  are 
inserted  in  the  holes  in  the  axles,  the  ladle  is  raised,  and  the  iron 
is  ponred  into  the  monld.  The  chilled  portion  of  the  wheel  sets 
almost  aa  soon  as  it  comes  into  contact  with  the  ohills,  and  in 
a  very  short  time  after  the  casting  has  been  made  the  flasks  are 
removed,  the  sand  knocked  away,  and  the  red-hot  wheel  is  placed 
aa  a  trolly  to  be  taken  to  the  annealing  pits.  This  process  is  one 
of  the  most  important  of  the  series.  If  the  wheel  be  allowed  to 
cool  in  the  open  fur,  severe  internal  strains  are  created,  which  will 
sometimes  be  snfiScient  to  destroy  the  casting,  and  open-fur  oooling 
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of  each  crane  is  made  doable,  and  upon  it  runs  to  and  &o  a  small 
carriage,  from  which  hangs  the  chain,  carrying  at  the  lower  end 
the  hooks  by  which  the  wheels  are  handled.  This  attachment  con- 
sists of  three  arms,  with  flattened  ends  tamed  over  so  as  to  grip  the 
wheeL  The  apper  ends  of  these  arms  are  hinged  together,  and  as 
they  tend  always  to  fS^  inward,  they  hold  the  wheel  tightly,  bat  by 
moving  a  single  attachment  the  arms  are  thrown  oatward  when  it 
is  desired  to  release  the  wheel.  The  motion  of  the  cranes  is  oon^ 
trolled  by  one  man,  fixed  stops  being  provided  on  the  gaiding 
apparatas,  so  that  when  the  crane  is  adjasted  for  filling  one  oven, 
it  remains  in  that  position  till  it  is  thrown  over  to  the  next. 

The  ovens  or  annealing  pits  are  cylinders  of  sheet  iron  i  inch 
thick,  aboat  66  inches  in  diameter,  and  of  saffident  depth  to  contain 
easily  eighteen  wheels  with  cast-iron  distance  pieces  between  them. 
They  are  lined  with  brickwork,  and  being  of  considerable  depth, 
they  descend  into  a  lower  floor.  The  lower  parts  are  inclosed 
in  a  large  rectangolar  chamber,  one  for  each  set  of  ovens.  Within 
this  chamber,  and  for  a  short  distance  above  it,  firebrick  is  osed 
instead  of  ordinary  brickwork  as  in  the  apper  portions,  and  within 
the  cylinder  a  circular  foundation  of  brickwork  ia  set.  upon  which 
are  placed  the  wheels  on  being  lowered  by  the  crane.  The  whole 
of  this  weight  then  is  transferred  direct  to  the  foandation  of  the 
bailding.  At  the  end  of  each  of  the  three  rectangalax  chambers 
already  mentioned  is  a  famace,  and  each  chamber  is  divided  down 
the  whole  of  its  length  by  a  perforated  fine ;  throagh  these  per- 
forations the  heat  from  the  famace  passes  and  enters  tiie  lower  ends 
of  the  ovens.  These  fomaces  are  reqaired  to  prevent  the  too  sadden 
cooling  of  the  castings,  bat  only  ^  ton  of  coal  is  bamed  for  each 
fall  day's  prodaction.  Fines  leading  to  the  chimney  carry  oflf  the 
heated  gases  from  the  apper  part  of  the  ovens,  and  so  the  process 
of  cooling  is  thas  very  gradaally  carried  on,,  ontil  at  the  end  of 
three  days  the  wheels  are  ready  for  removal.  The  three  large 
annealing  pits  mentioned  above  are  somewhat  diflerently  arranged. 
To  save  room,  they  are  not  carried  down  so  low  as  the  other  ovens, 
bat  terminate  at  a  height  of  aboat  7  feet  above  the  floor,  each  being 
sapported  apon  a  central  colamn.  When  they  are  osed,  a  fire 
is  lighted  in  the  bottom  of  each  pit,  the  wheels  are  placed  in  and 
covered  over,  and  the  oven  is  allowed  to  cool  gradaally. 
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On  being  reanored  fioin  the  pit  the  wheels  are  taken  into  the 
deaning  and  testing  room.  Here  tlie  sand  is  lemoved,  and  the 
wheels  tested  b;  hammering  nnder  a  sledge,  as  well  as  by  a  small 
banuner,  while  the  tread  is  cat  at  intervals  by  a  chisel  The  heary 
blows  to  which  the  wheel  is  subjected  never  iail  in  detecting  &tilts 
when  snch  exist,  and  when  they  ate  discovered  the  wheel  is  removed 
to  be  brokea  np.  Abont  10  per  cent,  of  the  whole  production  is 
rejected,  bnt  occasionally  this  proportion  is  very  mnch  higher. 

In  order  to  keep  the  quality  of  the  wheeb  to  the  desired  stand- 
ard, a  large  namber  of  test  pieces  are  cast  every  day  and  submitted 
to  examinaUoQ.  By  this  means  an  accurate  knowledge  of  the 
nature  of  the  wheels,  the  character  of  the  chill,  and  other  points 
are  obtained ;  the  data  are  carefully  recorded,  and  if  the  testa  are 
satisfactory  the  wheels  corresponding  to  the  test  piece  are  delivered 
into  stock.  If  not,  they  are  returned  to  be  broken  up.  The  sonnd 
wheels  finally  are  taken  to  the  machine  shop,  where  they  are  bored, 
and  if  desired  fitted  with  their  axlee.  The  tools,  theref(H«,  in  this 
shop  are  few  in  Dumber,  consisting  of  three  boring  machine^ 
a  press  for  forcing  the  wheels  on  or  for  drawing  them  ofT  the  axles, 
and  a  number  of  Uthes. 

The  capacity  of  Whitney  and  Co.'s  foundry  is  250  wheels 
per  day. 

The  average  life  of  a  chilled  cast-iron  wheel  of  fitst-claas 
quality  is  asserted  to  be  50,000  miles  for  passenger,  and  100,000 
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CHAPTER  XVn. 

MALLEABLE  OAST  IBON ;   OABB-HARDENINa. 

The  manu&ctnre  of  what  are  known  as  ''  malleable  castings"  con- 
sists in  obtaining  a  tough,  soft,  flexible  material,  resembling  wrought 
iron,  from  white  brittle  castings,  by  what  is  known  as  the  cementa- 
tion process.  Some  means  of  arriving  at  the  same  result  appear  to 
have  been  known  to  iron  workers  in  the  Middle  Ages,  as  there  are 
numerous  examples  of  malleable  castings  to  be  found  in  old  build- 
ings, but  Samuel  Lucas,  of  Sheffield,  appears  to  hare  been  the 
pioneer  in  modem  times  of  this  important  branch  of  the  iron 
trade.  He  obtained  a  patent  in  1804  *'  For  a  method  of  separating 
the  impurities  from  crude  or  cast  iron  without  fusing  or  melting  it, 
and  of  rendering  the  same  malleable  and  proper  for  several  purposes 
for  which  forged  or  rolled  iron  is  now  used ;  and  also  by  the  same 
method  of  improving  articles  manufisM^turedof  cast  iron,  and  thereby 
rendering  cast  or  crude  iron  applicable  to  a  variety  of  new  and  useful 
purposes." 

A  short  description  of  the  process  is  thus  given  in  '  The  Reper- 
tory of  Arts ' : — ^  The  pig  or  cast  iron  being  first  made  or  cast  into 
the  form  most  convenient  for  the  purpose  for  which  it  is  intended, 
is  to  be  put  into  a  steel-converting  or  other  proper  furnace,  together 
with  a  suitable  quantity  of  ironstone,  iron  ore,  some  of  the  metallic 
oxides,  lime,  or  any  combination  of  these,  previously  reduced  to 
powder,  or  with  any  other  substance  capable  of  combining  with  or 
absorbing  the  carbon  of  the  crude  iron.  A  degree  of  heat  is  to  be 
then  applied,  so  intense  as  to  effect  a  union  of  the  carbon  of  the  cast 
iron  wiUi  the  substance  made  use  of,  and  continued  so  long  a  time 
as  shall  be  found  necessary  to  make  the  cast  iron  either  partially  or 
perfectly  malleable,  according  to  the  purpose  for  which  it  is  in- 
tended. If  the  casting  is  required  to  be  perfectly  malleable,  from 
one-half  to  two-thirds  of  its  weight  of  the  other  substances  will  be 
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foand  neceflsaiy,  bot  a  mucli  lees  quantity  'will  Ba£Bce  if  partial 
tnaUealoHty  tmly  is  beared." 

TowBxda  the  cloee  of  the  process  the  heat  mnst  be  veiy  great 
The  dniatioa  of  the  boat,  it«  degree,  and  the  proportion  of  the 
Babstonoee  to  be  employed,  depend  upon  a  variety  of  cironmstaDces, 
"a  knowledge  of  which,"  the  patentee  remarks,  "can  only  be 
obtained  by  experience."  For  small  articles  the  intensity  and 
dniation  of  the  heat  required  to  produce  the  malleability  are  lees 
than  for  large  castings.  Such  articles  may  be  arranged  in  alternate 
layers  with  the  other  Babetances,  separated,  however,  irom  actual 
contact  by  an  intervening  thin  layer  of  sand. 

Malleable  cast  iron  will  take  a  certain  amount  of  polish  nnder 
the  action  of  emery  and  ronge,  bnt  not  so  good  a  polish  as  cast  steel. 
In  the  lathe  it  works  abont  as  easily  as  wrought  iron,  bot  the 
tool  blonts  rather  more  rapidly.  Thin  pieces  may  be  bent  donbte 
when  cold,  bnt  seldom  can  be  bent  back  again  without  breaking. 
It  can  be  forged  to  a  certain  extent  when  at  a  moderate  red  beat, 
but  if  hsated  mncb  beyond  that,  it  breaks  in  pieoee  nnder  the 
hammer. 

Two  ineces  of  malleable  cast  iron  may  be  burnt  together  at 
a  temperature  approaching  fusion;  or  can  be  brazed  to  ^ther 
wrought  iron  or  steel  with  bard  solder.  If  plunged  red  hot  into 
water  it  is  hardened,  but  to  an  uncertain  and  variable  extent. 
Malleable  cast  iron  is  very  soft,  flexible,  and  far  &om  brittle ;  it 
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to  produce  a  really  tough  metal  when  the  castings  are  very  large, 
or  have  any  considerable  portions  exceeding  2  inches  in  thick- 
ness. Certain  qualities  of  cast  iron  may  be  rendered  stronger  and 
tougher  by  the  addition,  in  the  cupola,  of  a  proportion  of  wrought 
iron,  steel,  or  manganese ;  this  metal  is  said  to  be  better  adapted 
for  spur-wheels,  than  common  cast  iron. 

The  general  routine  of  the  process  of  making  malleable  cast- 
ings is  as  follows : — The  pig  iron  is  melted  in  and  run  from  clay 
crucibles  into  green  or  dry  sand  moulds,  and  where  the  articles  are 
small,  snap  flasks  are  much  used.  The  castings  are  removed  from 
the  moulds,  and  deared  from  Band  by  bmahing.  by  shaking  in  a 
rattle-barrel,  or  by  similar  means,  and  are  then  placed  in  cast-iron 
'^  saggers,"  with  alternate  layers  of  powdered  red  haBmatite  ore,  or 
with  fine  iron  scales  from  the  rolling  mills.  The  saggers  are  then 
placed  in  the  annealing  furnace,  where  they  are  exposed  to  a  gra- 
dually increasing  degree  of  heat,  until  a  fall  red  heat  is  attained, 
after  which  they  are  allowed  to  cool  down.  The  articles  are  then 
removed  fr^m  the  saggers,  cleaned  from  the  haBmatite  powder,  and 
so  &r  as  rendering  them  '*  malleable  "  is  concerned,  the  process  is 
completed. 

The  pig  iron  employed  is  ahnost  invariably  h»matite ;  for  large 
castings  white  haematite  pig  is  selected,  for  small  articles  mottled 
pig.  In  England,  Cumberland  iron  and  irons  from  the  Barrow 
Steel  and  Iron  Company's  Works  are  largely  employed ;  while  in 
America  they  prefer  the  best  brands  of  cold-blast  charcoal  mottled 
irons,  Nos.  4  and  5  Baltimore,  or  5  and  6  Chicago,  having  an 
excellent  reputation. 

It  is  essential  that  the  pig  shall  be  white  or  mottled,  not  grey, 
and  it  is  not  uncommon  to  melt  up  a  quantity  of  scrap,  such  as 
wasters,  gates,  and  fins  of  white  iron. 

The  clay  crucibles  in  which  the  iron  is  melted  are  frequently 
made  in  the  foundry ;  they  are  heated  in  several  ways.  In  the  case 
of  large  works,  the  Siemens  gas-regenerative  furnace  is  by  fieur  the. 
best  and  most  economical  apparatus  for  melting  in  the  crucibles,  with 
which  any  desirable  temperature  can  be  obtained  and  regulated. 

In  this  arrangement  the  crucibles  are  placed  in  a  chamber, 
through  which  the  ignited  flame  of  gas  and  air  passes  over  from 
the  regenerator  on  one  side  of  the  furnace,  towards  the  other, 
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wbflte  the  remainrng  heat  is  taken  cp  b;  the  mass  of  fir^-brick  in 
the  isgeneiatpT  (m  that  side.  When  the  bricks  in  the  first  side  of 
the  r^enerator  have  bo  far  cooled  down,  that  the  gases  do  not  fiilly 
inflame,  the  corrents  are  reversed,  and  the  air  and  gas  are  sent 
through  the  second,  and  now  hottest,  part  of  the  fDrnace,  the  flame 
passing  amongst  the  cradbles,  and  then  reheating  the  first  part  of 
the  regenerator,  before  passing  awaj  to  the  chimney  flne. 

When  the  articles  to  be  cast  are  of  a  greater  weight  than,  say, 
half  a  hundredweight,  the  pig  is  occasionally  melted  by  coke  in  a 
small  cnpola,  with  fan-blast. 

But  the  most  OBiial  form  of  fmnace  for  ordinary  work  is  the 
common  air-fnmace,  with  the  grate  and  ash-pit  below  the  cmcible. 

The  boxes  for  the  moulds  are  generally  of  cast  iron ;  the  moulds 
are  formed  of  green  or  dry  sand ;  that  obtained  from  the  new  red 
sandstone  is  mnch  used  in  England.  This  is  a  fine  sand,  of  nnifonn 
grain,  containing  snffident  clay  to  cause  it  to  work  stiffly  withoat 
any  farther  admixture  of  clay.  For  very  small  work  an  excellent 
sand  is  obtained  from  Moxeley,  near  Birmingham,  which  is  used 
without  any  charcoal ;  for  larger  work  it  is  mixed  with  a  proportion 
of  powdered  charcoal.  There  is  also  a  good  sand  to  be  obtained 
from  Bowsley,  which,  however,  recinires  to  be  gr«nnd  and  screened 
before  nse. 

In  making  the  moulds  for  small  articles  in  malleable  iron,  the 
nmners  are  nearly  always  formed  in  the  parting  of  the  box,  and 
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dry  powdered  day;  the  moulds  are  generally  dried  in  small  stovesy 
heated  by  eoke,  or  the  waste  heat  from  a  cmcible  fnmaoe.  Thiis 
operation  takes  but  a  short  time.  The  castings  must  be  raked,  or 
if  very  small,  sifted,  out  of  the  sand  when  cool,  and  must  then  be 
cleaned  from  sand,  which  can  be  easily  effected,  if  the  articles  are 
of  a  convenient  shape,  by  rolling  them  over  each  other  in  a  barrel 
called  a  tumbler  or  rattle-barrel ;  or  they  can  be  cleaned  by  hand, 
or  immersed  in  a  bath  of  dilute  sulphuric  acid,  after  which  they 
must  be  washed  and  dried.  Runners  or  fins  on  the  castings  have 
to  be  chipped  off  with  the  edge  of  a  steel  chisel,  as  they  cannot 
be  filed  away. 

The  annealing  pots  are  cylinders,  preferably  of  cast  iron, 
about  12  inches  diameter,  by  16  inches  high,  with  loose  covers 
dropping  in.  This  size  is  well  adapted  for  small  articles,  but  for 
special  purposes  the  pots  are  frequently  made  of  wrought-iron 
plates,  which,  however,  will  not  stand  the  action  of  the  annealing 
furnace  more  than  three  or  four  times,  whilst  the  cast-iron  pots 
will  frequently  serve  for  twenty  annealings. 

The  material  most  frequently  used  for  filling  in  the  pots 
between  the  tiers  of  articles  to  be  annealed,  is  red  haematite  ore, 
which  is  ground  and  sifted  through  a  mesh  of  about  an  eighth 
of  an  inch,  the  powder  not  being  used,  or  if  iron  scales  are 
employed,  care  must  be  exercised  to  keep  them  free  from  dirt. 

A  certain  quantity  of  fresh  haematite,  or  iron  scale,  should 
always  be  added,  to  any  that  has  before  been  used,  without  the 
latter  has  been  newly  ground  up. 

A  layer  of  haematite,  or  iron  scale,  is  spread  over  the  bottom  of 
the  pot ;  on  this  the  first  row  of  castings  are  placed,  each  article 
perfectly  isolated  and  imbedded  in  the  haematite,  then  another 
layer  of  about  half  an  inch  of  the  haematite,  then  another  row  of 
castings,  and  so  on  until  the  pot  is  nearly  full,  when  it  is  covered 
up  nearly  flush  with  haematite,  upon  which  the  cover  is  placed, 
and  the  pot  is  ready  for  the  famace. 

In  arranging  the  pots  in  the  furnace,  those  which  contain  the 
largest  work  should  be  placed  in  the  hottest  part,  and  the  pots 
should  be  marked  or  numbered,  as  a  guide  to  the  famace  man  as  to 
the  amount  and  duration  of  the  heat  to  which  they  should  be 
subjected. 
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Ab  before  mentioiied,  the  daiaUon  of  the  opetation  depends 
upon  the  size  of  the  articles,  but  the  obuaI  phtn  is  to  heat  the 
poto  gradoally  to  a  bright  red,  at  which  tempetataie  the^  must 
be  kept  as  nniforml;  as  poaeiUe  from  mxty  to  eighty,  or  even 
ninety  boniB,  after  wliicb  the;  are  allowed  to  oool  down  gradually 
in  the  furnace  for  about  thirty  hours ;  they  are  then  removed,  sod 
allowed  to  get  quite  oold  before  being  emptied. 

If  the  castings  are  romoTod  iiom  the  pots  before  they  are  cool, 
they  will  not  have  snch  a  good  appearance  as  if  allowed  to  coed  in 
the  pots.  It  is  advisable  to  avoid  pladng  large  and  small  artaoles 
in  the  same  pot,  as  they  require  to  be  in  the  furnace  difTerent 
'periods,  and  the  large  artdoles  may  require  to  be  annealed  a  second 
time  if  this  is  done. 

After  the  castings  have  been  properly  annealed,  they  are  covered 
with  a  film  of  oxide  of  different  colours.  These  various  colours  of 
the  oxide  are  a  sign  of  good  malleables.  This  adherent  oxide  is 
removed  fixmi  the  casting  by  another  passage  throagh  the  rattle- 
barrel,  and  the  process  of  malleable  iron  mating  is  finished. 

In  every  heat  or  annealing  operation,  the  scatas  part  with  some 
of  their  oxidizing  qualities,  and  before  they  are  i^^ain  used  they 
must  be  pickled  and  teoxidized.  This  is  done  by  wetting  them 
with  a  solution  of  sal-ammoniao  and  water,  and  mixing  and  drying 
them  until  they  are  thoroughly  mated,  when  they  are  again  ready 
for  use. 
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required  depth  of  case-hardening,  which  may  vary  from  half  an 
hour  to  two  hours  or  longer.  The  articles  are  then  plunged  into 
water,  but  if  they  are  liable  to  buckle  out  of  shape,  they  should  be 
carefully  put  into  the  water,  end  first. 

To  case-harden  cast  iron  quickly,  bring  to  a  red  heat,  then  roll 
it  in  a  mixture  of  equal  parts  of  powdered  saltpetre,  sal-ammoniac, 
and  prussiate  of  potash.  Then  plunge  it  into  a  bath  containing 
4  ounces  sal-ammoniac  and  2  ounces  prussiate  of  potash  per  gallon 
of  water. 

Another  plan  is  to  heat  the  articles,  after  polishing,  to  a  bright 
red,  rub  the  surfiEU^  oyer  with  prussiate  of  potash,  allow  them  to 
cool  to  dull  red,  and  immerse  them  in  water. 

The  following  mixtures  are  also  employed  in  some  shops: 
(a)  3  prussiate  of  potash  to  1  sal-ammoniac ;  or  (Jb)  2  sal-ammoniac, 
2  bone-dust,  and  1  of  prussiate  of  potash. 

Where  a  proper  furnace  is  employed  some  such  form  as  that 
shown  on  Plate  L.  will  be  found  of  service.  This  plate  shows 
Dodd's  case-hardening  furnace.  Fig.  1  is  a  longitudinal  section, 
Fig.  2  a  section  through  one  of  the  retorts,  and  Figs.  3  and  4 
are  a  transverse  section  and  a  sectional  plan.  The  advantages 
claimed  for  this  construction  of  furnace  are  that  it  maintains  a 
uniform  heat  in  all  parts  of  the  retorts,  and  avoids  any  injurious 
efifects  from  sudden  cooling,  when  the  latter  are  withdrawn. 

The  flame  from  the  fireplace  passes  under  and  all  round  the 
sides  of  the  retorts,  then  into  and  along  the  arched  chamber  over 
the  retorts,  from  which  openings  lead  into  the  side  flues  which 
communicate  with  the  chimney. 

The  principal  dimensions  for  such  a  furnace  as  that  here  shown 
would  be  for  tiie  flues  between  retorts  12  inches  by  6  inches,  for 
flues  on  outer  sides  of  retorts  6  inches  by  6  inches,  flues  under 
retorts  7  inches  by  6  inches.  The  span  of  the  arched  chamber 
6  feet  4  inches,  with  a  rise  of  18  inches.  It  is  placed  in  communi- 
cation with  the  two  side  flues  by  four  openings,  each  6  inches 
square.  The  retorts  are  each  9  feet  long,  by  1  foot  4  inches  wide, 
by  1  foot  3  inches  high. 

The  fire-grate,  9  feet  long  by  12  inches  wide,  is  placed  about  a 
foot  below  the  level  of  the  bottoms  of  the  flues,  passing  under  • 
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the  retorts.  In  sereral  petrta  of  tbe  fnrDKce  hollowB  are  left  in  the 
walls,  &.eae  are  SUed  with  Bond,  which  tends  to  prevent  Boddea 
alterations  in  temperature. 

The  length  of  time  the  articles  are  allowed  to  remwn  in  the 
fiimace  varies  according  to  their  size  and  the  depth  to  which  the 
steeling  is  dsored  to  penetrate.  As  there  are  two  retorts  the;  can 
be  charged  and  drawn  altematel;. 
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CHAPTEB  XVIII. 


OASnNG  ON  TO  OTHEB  MBTALS. 


It  is  occasionally  desired  to  nnite  other  metals  by  means  of  cast 
iron^  or  to  fix  ornamental  castings  on  to  light  work,  made  of 
wrought  iron  or  steel. 

Such  a  process  cannot  be  practised  with  cast  iron  upon  any  of 
the  other  usefol  metals  than  cast  iron,  wrought  iron,  or  steel,  as 
all  the  other  metals,  at  all  commonly  used,  have  melting  points  so 
much  below  that  of  cast  iron,  that  they  would  not  bear  coming  in 
contact  with  liquid  cast  iron. 

Sometimes  non-metallic  substances,  such  as  grindstones,  &c., 
are  held  in  shape  by  rings  or  bands  of  iron  cast  round  them. 

When  iron  is  cast  upon  or  around  soUd  wrought  iron  or  steel, 
certain  changes  are  brought  about  upon  these  metals.  The  cast 
iron,  when  thus  brought  into  contact  with  the  comparatively  cool 
surface  of  the  sohd  wrought  iron  or  steel,  will  of  course  be  *'  chilled  " 
at  and  around  all  points  of  contact.  It  wiU  therefore  be  harder, 
more  brittle,  and  much  less  tough  in  those  parts ;  and  this  result 
will  occur  wherever  liquid  cast  iron  comes  in  contact  with  either 
solid  cast  iron,  or  wrought  iron,  or  steel. 

When  wrought  iron  is  employed  it  is  found  to  undergo  a  cer- 
tain amount  of  deterioration,  both  in  toughness  and  cohesion,  be- 
coming of  less  value  for  structural  purposes  where  those  qualities 
are  required.  Steel  suffers  in  the  same  manner,  but  to  a  much  less 
extent  A  bar  of  cast  iron  cast  round  a  core  of  wrought  iron  will 
be  found  Uttle,  if  anything,  stronger  than  a  simple  bar  of  cast 
iron  of  the  same  size.  Consequently,  where  the  full  strength  and 
toughness  of  these  metals  are  required,  '' casting-on "  should  be 
avoided,  and  especially  in  any  work  which  will  be  exposed  to  sudden 
shocks,  or  varying  strains. 

But  a  very  large  number  of  useful  and  ornamental  articles, 
requiring  little  absolute  strength,  can  be  most  readily  produced  by 
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the  process  of  caating  on,  sach  as  hand-Tailings,  window  frames, 
panels,  hat  and  umbrella  stands,  bedsteads,  oi  ornamental  gates. 

One  well-known  application  of  this  process  is  MoUne's  invention 
for  the  combination  of  wnnght  and  cast  iron  in  the  mann&ctmre  of 
window  frames.  The  saeh-bais  are  formed  of  wrought  iron,  rolled 
of  any  light  and  conTenient  section,  suited  to  receive  glass ;  these 
bars  are  nnitod  by  ornamental  cast-iron  bosses.  The  mode  of 
arrangement  is  illnstiated  in  Figs.  3  to  7,  Plate  XXS. 

An  iron  pattern  is  first  made,  from  which  a  sand  monld  is 
obtuned,  the  wronght-iron  bare  are  cnt  to  the  required  lengths, 
and  placed  in  the  mould,  with  their  ends  nearly  touching ;  over 
these  ends  the  mould  of  the  boss  is  placed,  which  most  be  snffleiently 
large  to  cover  them,  so  that  when  cast  on,  the  bosses  shall  firmly 
unite  the  wrought-iron  bars.  These  windows  can  be  readily  made 
of  any  usual  size  or  shape,  and  are  easily  fixed.  They  are  hght 
in  appearance,  anA  combine  the  strength  of  wrought  iron  with  the 
ornamental  character,  which  can  be  easily  obtained  by  the  addition 
of  caat-iron  flowers,  scrolls,  armorial  bearings,  or  other  ornaments. 

For  ornamenting  wiought-iron  railings,  two  ways  of  applying 
caet  iron  may  be  mentioned.  Either  the  wrought-iron  bars  may 
be  pkced  in  the  moulds,  and  the  ornaments  cast  round  their  ends, 
or  the  ornaments  may  be  cast  in  green-sand  moulds,  cored  oat  to 
fit  the  wiought-iron  bars,  on  to  which  they  are  afterwards  fixed  by 
an  alloy  of  zinc  and  lead.    Lead  alone  is  to  be  avoided,  as  it  sets  up 
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If  cast-iron  chill-monldB  are  used  for  the  ornamental  oastingSy 
the  ornaments  will  naturally  be  rather  brittle ;  in  most  cases  this 
will  be  fonnd  of  little  consequence,  but  where  it  is  desired  to  avoid 
brittleness,  the  work  can  be  placed  in  an  annealing  oven,  when  the 
cast  iron  will  be  made  into  malleable  cast  iron,  without  prejudicially 
affecting  the  wrought  iron,  if  any  is  used  in  conjunction  with  the 
cast  iron,  as  is  frequently  the  case. 

"  Bummg^n"  is  also  occasionally  practised,  for  the  purpose  of 
ornamenting  wrought  iron  with  scrdk,  volut^,  or  twi^  forms. 
Loam  moulds  are  made,  and  when  thoroughly  dried,  are  applied  to 
that  portion  of  the  wrought  iron  which  it  is  wished  to  bum  on  to ; 
cast  iron  is  then  poured  through  the  moulds  until  the  wrought  iron 
is  brought  to  a  welding  heat ;  pouring  is  then  ceased,  and  the  cast 
iron,  when  cooled  down,  is  found  firmly  afi^ed  to  the  wrought 
iron. 

For  ornamental  cast-iron  railings  which  are  designed  with  com- 
paratively heavy  pilasters  and  bars,  having  the  intervals  between 
them  filled  in  with  light  ornamental  work,  the  two  should  not  be 
cast  at  one  and  the  same  time,  otherwise  the  light  work  will  be 
almost  certain  to  break  away  from  the  heavy,  owing  to  the  unequal 
contraction  in  cooling.  The  ornamental  work  should  be  cast  first, 
of  fine,  soft,  fiuid  iron,  and  be  provided  with  small  fitting  pieces 
or  lugs,  at  convenient  points  for  fixing  to  the  heavy  bars  or 
uprights. 

Goat  these  lugs  on  the  fine  work  with  clay  and  blackwash, 
place  it  in  a  sand  mould,  and  cast  the  heavy  work  round  it.  By  so 
doing  the  iron  will  not  be  liable  to  fracture  from  unequal  contraction 
and  expansion ;  but  there  is  another  danger  to  apprehend,  which 
shows  that  very  ornamental  fine  work,  which  is  usually  costly, 
should  be  avoided  in  all  public  thoroughiiEures. 

An  example  of  handsome  cast-iron  work  may  be  seen  in  London 
on  the  Thames  Embankment,  but  the  ornamentation  is  so  small, 
that  its  details  can  only  be  seen  on  a  close  inspection ;  the  cast 
iron  is  chilled,  and  very  brittle,  and  mischievous  boys,  as  they  pass 
along,  knock  off  large  pieces,  so  that  from  Waterloo  Bridge  to 
Charing  Gross  Bridge  there  are  few  bays  which  are  not  seriously 
damaged. 

Buming-on  is  sometimes  of  service  in  repairing  a  broken  or 
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damaged  casting,  but  the  prooeea  ia  nether  applicable  to  fine 
delicate  work,  nor  to  cases  where  the  eqzq  and  shape  of  the  original 
casting  mnrt  be  Htrictly  preewved,  aa  in  a  cast-iron  wheel,  which 
wonid  probably  be  twisted  oat  of  shape,  by  the  expansion  and 
snbseqoent  contraction  of  the  metal,  dnring  the  operation  of 
bnming-on. 

Bat  a  piece  of  machine  framing,  the  necks  of  rolls,  or  a  standard 
which  has  been  broken  or  found  defective,  may  be  lepeired  as 
follows ;  first  cat  away  tl^  defectiTe  parte  down  to  the  eoand  metal, 
bnild  a  coke  fire  round  the  part  of  the  castmg  which  is  to  be 
repaired,  imtil  it  is  bronght  to  a  bright  red  heat,  then  dnst  over  the 
snr&oe  of  the  cat  metal  with  powdered  glass  or  borax.  Then 
apply  a  hollow  loam  mould  of  the  desired  part  to  the  casting, 
properly  secured  in  position,  and  provided  with  a  hole  for  the  exit 
of  the  metal.  Pour  Tery  hot  liqnid  cast  iron  into  the  mould,  and 
allow  it  to  flow  away  until  the  cat  sarfaoe  of  the  original  metal 
of  the  casting  can  be  felt  with  an  iron  bar  to  have  become  soft 
and  pasty  by  contact  with  the  hot  liqnid  iron.  Then  stop  the  exit 
hole,  and  allow  the  metal  in  the  moold  to  set  If  the  operation 
has  been  properly  performed,  the  casting  should  ring,  wb^  atraok, 
with  the  same  sound  as  a  single  good  casting,  thus  showing  that 
the  old  and  new  metal  are  perfectly  united. 

Where  portions  of  large  castings  require  to  be  removed  for  this 
buming-on  process,  the  easieet  mode  of  doing  it  is,  to  cut  the  casting 


GASTIMa  ON  TO  OTHER  METALS.  298 

these  cavities  with  an  alloy  having  a  similar  appearance  to  the 
cast  iron^  but  being  much  more  fusible.  One  such  alloy  consists 
of  antimony  69,  copper  16,  tin  2,  melted  together,  to  which  add 
afterwards,  lead  13  parts,  by  weight;  another  is,  antimony  65, 
copper  16,  lead  13  parts,  by  weight,  prepared  in  the  same  way. 
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CHAPTER  XIX. 


DBYISQ  8I0TX8. 

Thb  stove  or  chamber  required  for  drying  the  aand,  or  loam,  moulds 
and  cores,  should,  if  poemlde,  be  bnilt  contignous  to  the  moulding 
shop,  with  lines  of  railway  mimiug  into  it  through  openings  in  the 
partition  walL 

The  cores  and  moulda-  to  be  dried,  being  placed  upon  iron 
tmeks,  can  be  ran  into  the  store,  from  rarious  parte  of  the 
moulding  sh<^,  and  when  dry,  should  be  withdrawn  horn  the  other 
aide  ready  to  be  placed  in  the  pit  for  pouring.  In  this  way  the 
oontannal  flow  of  work  is  kept  in  one  direction,  progieesing 
towards  completion,  and  time  and  labour  are  much  economized, 
especially  where  large  heavy  work  is  in  hand. 

The  Btoree  are  generally  bdit  in  soond  brit^vork,  and  of  such 
shape  and  dimensionB  aa  are  required  for  the  kind  of  work  to 
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apply  the  blaektoaahy  which  is  generally  done  by  men  within  the 
stove. 

The  stoves  are  sometimes  built  with  cast-iron  floors,  without 
any  rails,  the  trucks  are  then  wheeled  along  the  rails  to  the 
entrance  of  the  stove,  but  when  in  the  stove  they  run  upon 
the  flanges  of  the  wheels,  which  are  made  rather  broader  than 
usual  to  give  them  a  good  bearing  surface.  This  plan  considerably 
lightens  the  labour  of  the  men,  as  the  loaded  trucks  can  thus 
be  more  easily  moved  from  one  part  of  the  stove  to  another,  than 
when  obliged  to  follow  the  line  of  rails. 

During  the  drying  the  cores  and  moulds  generally  have  to 
receive  several  coats  of  blackwash,  which  consists  of  fine  coal-dust 
and  a  little  clay  mixed  with  water  to  a  creamy  consistence,  and 
appUed  with  a  brush. 

If  the  stove  is  required  to  be  of  any  considerable  length,  it  is 
desirable  to  provide  it  with  sliding  iron  partitions,  by  which  it  can, 
when  necessary,  be  divided  into  compartments,  with  doors  to  each, 
so  that  the  articles  in  any  one  part  of  the  gtove  can  be  made 
accessible,  without  delaying  the  drying  of  the  others.  During  the 
time  that  any  one  compartment  is  thus  separated  from  the 
remainder,  the  current  of  heated  air  must  be  diverted  past  it, 
by  means  of  a  flue  provided  with  valves. for  regulating  the  flow  of 
the  air. 

An  ordinary  drying  stove  consists  of  a  simple  brick  chamber, 
with  large  plate-iron  doors  at  one  end,  which  can  be  thrown  wide 
open.  The  three  sides  are  built  in  9-inch  brickwork.  In  one  of 
the  sides  is  a  fireplace,  which  can  be  supplied  with  fuel  from  the 
outside  of  the  stove,  and  may  be  shut  off  by  a  closely  fitting  iron 
door.  In  the  opposite  side  of  the  fireplace  is  a  flue  leading  to  the 
chimney ;  this  flue  is  placed  low  down.  An  arched  brickwork  dome 
covers  the  chamber.  Iron  shelves  are  arranged  along  the  walls 
for  drying  small  cores  and  boxes  on.  A  line  of  rails  which  is 
within  the  sweep  of  a  crane,  leads  into  the  stove,  and  any  heavy 
mould  which  is  to  be  dried  may  be  laid  upon  a  car  running  on 
this  track,  and  both  car  and  mould  are  shoved  into  the  stove, 
the  doors  closed,  and  fire  put  in  the  furnace.  The  size  of  a  drying 
stove  is  varied  according  to  the  size  of  the  castings  commonly 
made  in  a  foundry.     A  stove  of  12  feet  in  all  directions,  and 
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7  fiset  hig^  u  a  good-sized  store.  When  there  ia  no  oocaaion  for 
employing  a  large  stove,  a  small  one  is  selected  b;  preference, 
because  it  works  fester,  and  with  less  fael. 

One  plan  of  drying  moulds,  wbioh  is  in  use  in  the  North, 
oonosta  in  forcing  air  through  mains  below  the  fimndry  floor, 
uid  having  openings  in  the  bottom  of  each  pit,  within  which  the 
tnonlda  are  placed.  Over  the  opening  into  each  |»t  is  placed  an 
iron  basket  full  Of  bnming  coke,  and  over  the  top  of  the  pit  a  covw 
of  plate  iiOD  is  let  down,  having  a  smaU  opening  for  the  escape  of 
the  heated  air.  By  tlms  blowing  heated  air  amcmgst  the  moulds 
they  are  qoickly  dried. 

The  amoont  of  fiiel  which  is  generally  consomed  in  the  prooesa 
of  drying  the  cores  and  moolds,  is  &r  in  excess  of  its  theoretical 
daty.  This  atisee  partly  from  defective  conetmction  of  the  atovee, 
and  partly  &om  inefficient  firing,  and  want  of  control  over  the 
ingress  and  egress  of  air. 

The  work  to  be  done  ia  nsnally  very  smdl  in  comparison  with 
the  weight  of  coke  or  coal  ccoisnmed ;  a  slow  onrrent  of  warm  air, 
not  exceeding  450°  or  at  most  500°  Fahr.,  has  to  be  kept  constantly 
pasmng  through  the  atoves,  and  carrying  off  the  vaponr  &om  the 
wet  monlda.  Assuming  that  1  lb.  of  coal  should  evaporate  15  Ihe. 
of  water,  at  the  preeante  of  the  atmoephere,  and  that  1  cubic  foot 
of  wet  loam  contains  about  30  lbs.  of  vrater,  2  lis.  of  coal  wonld  be 
sufficient  to  effect  the  drying  of  1  cubic  foot  of  wet  loam. 
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not  only  to  heat  the  air  in  that  space,  but  to  change  it  before 
it  becomes  saturated  with  moistnre,  otherwise  the  material  is 
simply  steamed,  not  dried. 

This  £act  is  shown  by  Dalton's  experiments,  which  proved  that 
by  haying  a  brisk  current  of  air  36  grains  of  water  per  minute 
could  be  carried  off,  from  the  same  surface  that  only  gave  off 
about  22  grains  of  water  in  a  still  atmosphere. 

It  would  appear,  therefore,  that  a  high  temperature  with  a 
brisk  current  are  the  most  fiEiyourable  conditions  for  drying,  but 
with  regard  to  cores  and  moulds,  the  limit  of  both  these  powers  is 
soon  reached.  Supposing  a  low  temperature  is  adopted  with  a  very 
rapid  current  of  air,  the  surfaces  of  the  loam  are  very  liable  to 
crack ;  whilst  if  the  low  temperature  is  used  with  a  slow  current, 
the  loam  in  drying  gradually  gets  so  dense  and  consolidated  as  to 
lead  to  a  probable  £ulure  in  the  casting  from  ''  blowing." 

If,  on  the  other  hand,  the  temperature  is  forced  beyond  500^ 
Fahr.  with  a  slow  current,  the  moulds  and  cores  dry  unequally, 
and  the  steam  which  is  generated  splits  off  pieces,  and  thus  spoils 
the  cores  and  moulds,  besides  destroying  the  fibrous  qualities  of  the 
hay-bands,  tow,  or  horse-dung  used  for  binding  the  loam,  and  other 
materials  used  in  their  construction. 

The  speed  of  the  current  must  be  regulated  by  the  foreman  in 
charge  of  the  stove,  to  suit  the  work  being  dried,  and  observations 
upon  the  amount  and  rapidity  of  the  evaporation  going  on  in  the 
stove  should  be  frequently  made,  and  carefully  noted. 

The  weight  of  water  held  in  suspension  by  still  air  increases 
rapidly  with  the  increase  of  temperature ;  thus  with  the  barometer 
at  30  inches,  and  the  temperature  32^  Fahr.,  1  cubic  foot  of  air 
is  saturated  with  2  *  3  grains  of  water ;  at  100"  Fahr.  it  is  saturated 
with  19  grains ;  at  150°  Fahr.  it  is  saturated  with  70*5  grains  ; 
whilst  at  200°  Fahr.  it  wiU  hold  in  suspension  as  much  as  204 
grains  of  water;  but  in  order  to  remove  this  vapour  from  the 
stove,  a  current  of  dry  air  must  be  kept  constantly  passing 
through  it. 

By  means  of  a  self-registering  thermometer,  the  maximum  and 
miniTnuTn  temperatures  during  the  day  can  be  ascertained;  the 
actual  rate  of  evaporation  can  be  arrived  at  by  a  very  simple  con- 
trivance of  a  porous  earthen  jar,  provided  with  a  glass  tube. 
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oloeelf  fitted  into  the  top,  and  tightly  closed  with  a  cork.  Hftving 
filled  the  jar  and  tnbe  with  wstot,  at  the  t«mpeiatnre  of  the  stove, 
and  coiked  it  np,  the  Ices  of  water  ftom  eraporati<m  through  the 
porous  jar  will  be  readily  ascertained. 

Wlten  the  stove  has  been  at  work  a  few  days,  and  the  drying 
has  been  regulated  by  the  foreman,  he  will  have  noted  the 
tempeistnree  employed,  and  by  taking  the  nnmber  of  inches 
of  water  that  have  been  evaporated  in  the  time  from  the  porons 
jar,  he  will  know  what  has  been  its  loss  of  water  per  hoar. 

If  the  resnlt  of  the  drying  has  been  eatisfactory,  he  will  be  able 
to  give  instmctions  to  the  workmen  to  maintain  the  temperature  at 
a  certain  degree,  and  the  cnrrent  of  mi  at  a  certain  velocity,  as 
indicated  by  the  thermometer  and  the  evaporating  jar. 

The  jar  must  be  refilled  with  water  at  certain  timee,  and  should 
be  protected  1^  a  screen  &om  dust  and  draughts  of  air. 

For  heating  tlie  stove,  a  regenerative  fire-brick  furnace  has 
many  advantages.  It  is  easily  regulated,  can  be  heated  with  refuse 
cool,  and  the  heated  air  is  delivered  into  the  stove  much  more 
free  from  dirt  and  soot,  than  when  the  stove  is  simply  used  as  part 
of  a  flue  for  the  prodnots  of  combustion  &om  the  heating  fire 
to  pass  through,  on  their  way  to  the  chinmey. 

The  regenerative  fomaee  will  conBist  of  two  chambera  fall  c^ 
good  le&actory  fire-brick;  one  of  these  chambers  whilst  being 
heated  by  the  fire  will  be  in  communication  with  the  chimney,  and 
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dranght,  especially  as  it  is  not  advisable  to  build  a  yery  lofty 
chimney. 

In  his  '  £tnde8  snr  la  Ventilation/  General  Morin  gives  some 
formidaB  which  will  be  of  service  to  anyone  having  to  design 
foundry  stoves,  and  who  may  wish  to  calculate  somewhat  closely 
the  supply  of  heat,  the  volume  of  air,  draught,  height,  and  area 
of  chimney  required,  and  similar  details. 


CHAPTER  XX. 


FOUKDBT  PITB. 

The  pits  neoesaar;  for  heavy  woik  are  either  sand-pits  or  open 
pits.  The  fonoei  are  Med  with  sand,  to  the  level  of  the  Aoot, 
which  is  dug  to  form  a  safKcient  cavity,  not  only  to  enable  the 
loam  mould  to  be  lowered  mto  it,  but  also  to  allow  the  Ubonrera 
to  fill  and  ram  the  sand  in  again,  firmly  all  round  the  loam  monld, 
as  a  sufficient  support  to  enable  it  to  resist  the  pressure  of  the 
fluid  metal  innde  it. 

Sand-pits  are  used  where  the  loam  mould  is  built  up,  both  in 
core  and  cope,  upon  a  skeleton  framework  of  common  or  loam 
bricks,  or  in  such  other  manner  as  not  to  have  suffioient  stiffiiees  in 
itself  to  reeist  the  pressure  of  the  liquid  metal.  The  neoeesary 
support  for  the  cop^  or  external  portion  of  the  mould,  is  here 
obtained  by  the  filling  in  around  it  of  the  solidly  rammed  sand. 

As  to  the  cores,  when  these  are  circolar  in  section,  they  are  not 
found  to  require  much  support  beyond  the  brick  skeleton,  but  when 
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rale  castings  of  large  diameter  are  seldom  very  deep,  and  those 
which  are  of  great  height  are  seldom  of  large  diameter. 

Exceptional  circmnstances  require  special  appliances  to  meet 
them,  and  it  is  scarcely  worth  while  to  constantly  dig,  wall,  and 
fill  in  with  sand,  a  very  wide  and  deep  pit,  whose  utmost  capacity 
may  perhaps  only  be  tested  once  in  twenty  years.  To  partially 
oyercome  this  difficulty,  it  has  been  proposed  to  excavate  a  central 
pit  of  considerable  depth,  snrromided  by  one  of  much  larger  diameter 
bat  of  less  depth. 

Before  filling  in  the  pit,  the  sand  should  be  screened,  and  wetted, 
and  should  then  be  thrown  in,  in  successiye  layers,  being  well  and 
equally  rammed  down  all  the  time,  by  labourers  in  the  pit.  If 
this  operation  is  carefully  performed,  the  sand  will  well  bear  digging 
out  from  aroxmd  the  mould,  and  will  stand  up  firmly  like  a  wall. 
If,  on  the  contrary,  sufficient  attention  has  not  be^i  devoted  to 
this,  the  sand  will  come  out  xmevenly,  and  will  £Edl  down  in  masses 
from  the  sides.  In  the  case  of  large  pits,  this  is  a  source  of  con- 
siderable danger  to  the  workmen,  and  of  loss  to  the  employer. 

If  the  mould  and  casting  have  not  yet  been  removed,  the  fallen 
sand  must  be  dug  out ;  whilst  should  a  fall  occur  just  after  the 
core  of  a  large  mould  has  been  lowered  into  the  pit,  and  before  the 
cope  has  been  properly  adjusted  in  its  place,  it  is  most  probable  that 
the  core  will  be  damaged  by  the  falling  sand,  or  the  least  evil  will 
be,  that  it  will  absorb  some  moisture  from  the  damp  sand. 

In  digging  out  or  filling  in  deep  pits,  some  precautions  should 
always  be  taken  to  protect  the  men  against  the  falling  sand,  by 
placing  struts  and  poling  boards  against  the  sides,  as  is  usual  in  all 
deep  excavations,  and  is  the  more  necessary  with  such  material  as 
sand.  In  digging  out  the  sand  from  large  pits,  it  is  necessary  to 
caution  the  men  on  the  upper  bank  not  to  walk  too  close  to  the 
edge^  so  as  to  avoid  bringing  down  the  sand  upon  the  men  below. 

When  the  pit  exceeds  8  feet  in  depth,  it  is  usual  to  excavate 
the  sand  by  the  ordinary  staging  process,  having  labourers  on  each 
stage,  to  throw  the  sand  to  the  stage  above,  until  it  reaches  the 
bank,  where  more  labourers  must  be  stationed  to  shovel  it  back  from 
the  edge  of  the  pit,  which  must  be  cautiously  done. 

The  sides  must  be  supported  with  struts  and  stout  poling 
boards,  and  sometimes  rings  of  angle  iron,  in  three  or  four  seg- 
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mectB,  are  lowered  into  the  pit,  and  bolted  together,  thne  fonning 
a  very  atrong  oircnlar  support  for  the  edges  of  the  bank.  Into  the 
interval  between  the  ring  and  the  poling  boards,  hard  wood  wedges 
are  firmly  dxiveo.  One  great  ftdvantage  in  the  nse  of  uigle-iroQ 
rings  to  support  the  poling  boards,  is  that  cross  strata  are  thereby 
avoided,  and  the  rings  and  poling  boards  need  not  be  removed  until 
after  the  mould  has  been  lowered  into  place,  and  it  is  neoessary  to 
ram  m  the  sand  around  it 

One  or  two  light  ladders  should  be  left  in  the  pit,  until  it  is  so 
far  filled  in,  that  the  men  can  leap  out  on  to  the  bank  in  case  of  a 
sand  fall. 

The  walls  of  dry  pita  are  generally  built  of  brick,  sometimes  of 
stone.  The  circular  fi»m  is  tiie  strongest,  most  eoouconical,  and  as 
a  rule  the  most  convenient,  and  the  bottom  should  be  laid  with  a 
slight  &I1  tovnirds  the  centre. 

If  the  soil  around  and  beneath  the  pit  ia  wet  or  shifting,  a  good 
concrete  fbondation  must  be  put  in,  and  concrete  must  also  be  run 
in  around  the  walls,  which  must  be  built  strong  enough  to  resist 
external  preeenre.  In  a  watery  soil,  the  whole  mass  of  the  casing 
must  be  c^  sufficient  weight  to  counterbalance  its  displacement,  so 
as  to  eoBure  its  not  being  lifted,  or  floated,  bodily  upwards  out 
of  its  site  by  water. 

Such  an  accident  is  mtat  unlikely  to  oocur,  except  where  a  pit 
might  be  placed  near  a  river,  whose  rising  water  could  permeate 
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sufficiently  strong  not^only  to  support  the  monld,  bat  also  to  take 
the  thrust  which  comes  upon  the  mould,  when  the  metal  is  poured 
into  it.  The  dimensions  of  the  open  pits  are  regulated  by  the  size 
and  form  of  the  castings  for  which  they  are  intended. 

In  most  cases  where  any  large  castings  have  to  be  made  in 
numbers  of  a  similar  size  and  shape,  such  as  large  pipes  or  cohnuns, 
it  is  more  economical  to  provide  iron  cases  for  the  moulds,  whether 
these  are  of  dry  sand  or  loam,  and  thus  to  be  able  to  use  the  open 
pit  when  pouring.  The  moulds  must  be  properly  secured  in 
position  in  the  pit  by  struts  and  stays,  unless  of  such  a  form  as  not 
easily  to  be  displaced. 

When  it  is  necessary  to  withdraw  a  casting  from  the  pit,  the 
sand  should  be  dug  out  all  round  down  to  the  bottom  of  the  mould, 
before  attempting  to  lift  the  casting  out  by  the  crane.  This  is  a 
point  to  which  sufficient  attention  is  frequently  not  given,  as  the 
moulders,  in  their  haste  to  extract  the  work  from  the  pit,  sometimes 
leave  in  the  last  3  or  5  feet  of  sand,  loosen  it  sUghtly  round  the 
edges,  affix  the  crane  chain  to  the  casting,  and  Cry  '^  Haul  away ! " 
If  the  sand  has  been  well  rammed  in  it  will  oppose  consider- 
able resistance  to  the  pull,  and  the  casting  or  the  crane  chain  will 
probably  be  strained,  whilst  in  the  end  no  time  is  actually  saved,  as 
the  sand  in  the  pit  must  eventually  be  removed  to  be  wetted  and 
otherwise  treated  before  being  again  rammed  in.  One  great  advan- 
tage of  casting  in  deep  sand-pits  is  the  power  it  gives  of  casting 
bodies,  such  as  large  pipes  and  cylinders,  in  a  vertical  instead  of  in 
a  horizontal  position.  It  is  well  known  that  casting  in  this  manner 
tends  to  improve  the  metal  in  the  body  of  the  work,  and  affords  a 
ready  means  for  extracting  from  the  casting  dross  and  air>bubbles, 
which  rise  into  the  open  part  or  rising  head  of  the  mould. 

To  reap  the  full  advantage  of  this  tendency,  the  metal  should 
not  be  poured  directly  into  the  top  of  the  mould  itself,  as  it  would 
probably  fall  with  too  great  a  blow,  and  would  in  falling  carry  a 
large  quantity  of  air  with  it.  The  plan  which  is  found  most 
successful  is  to  convey  the  metal  by  vertical  gates  to  the  lower  part 
of  the  mould,  to  pour  the  metal  into  these,  so  that  it  flows  upward 
in  the  mould,  when  the  air-bubbles  and  dross  will  float  to  the 
surface,  and  be  then  easily  removed,  whilst  the  body  of  the  casting 
will  derive   all  the  advantages  which  accrue  from  the  pouring 
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vilih  a  head  of  metBL  Fig.  2,  Plate  XIJX.,  is  an  example  of  this 
(dan. 

The  &ot  that  castiiig  nnder  preeeure  consolidates  and  etxeugtheoa 
the  iron  is  partly  acconnted  for  by  its  iuareaaed  specific  gravity, 
for  taking  two  aamplefl  of  the  same  make  of  pig  iron,  and  caA- 
ing  them  nndw  di&rent  conditions,  that  which  him  the  h'ghT 
spedfio  gravity  will  he  fiSdnd  almost  iuvariahly  to  he  the  stronger. 
Yet,  as  fheie  are  bo  many  other  olements  to  be  taken  into  cod- 
eddeiatioii,  it  by  no  means  follows  that  the  specific  giavities  of 
two  samples  of  a  difierent  make  of  iron  can  be  taken  &a  indi- 
cative o£  their  relative  strengths  (sp.  grav.  C.  I.  ranges  between 
6*2  and  7 '8).  It  is,  however,  indisputable  that  the  more  the 
specific  gravity  <tf  cast  iron  is  increased  daring  the  proceaa  of 
casting,  other  things  being  equal,  the  stnmger  it  will  beooma 

The  readiest  vray  of  attaining  this  end  is  that  of  casting  nnder 
a  presaoxe,  and  various  modes  of  doing  this  have  been  devised. 
Chilled  castings  have  always  an  increased  specific  gravity,  due  to 
alterations  in  the  molecnlai  and  chemical  oonstitation  of  the  metaL 

Bobert  Mallet,  F.IL6.,  made  bcoob  most  valuable  experiments, 
to  determine  the  rate  of  increase  of  specific  gravity,  obtained  in  the 
same  irons,  by  casting  under  vertical  heads  of  liquid  metal,  gradually 
increasing  from  zero  up  to  a  14-foot  head.  A  very  interesting 
account  embodying  the  results  of  these  experiments  was  published 
in  the  transacticois  of  the  British  Association  of  1840,  from  which 
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In  the  Apedale  iron,  the  specific  gravity  increaaed  with  tolerable 
regularity  at  every  2  feet  additional  head ;  bat  with  the  Galder  and 
Blaenavon  irons,  the  chief  portion  of  the  increase  was  obtained  with 
the  first  4  and  6  feet  of  head,  after  which,  although  the  densities 
continued  to  increase,  the  rate  of  increment  was  a  gradually 
decreasing  one. 

Consequently  it  would  appear,  that  wiw  a  still  greater  pressure 
than  that  due  to  14  feet  head  of  metal,  the  density  of  the  cast  iron 
would  be  further  increased.  Pressure  has  also  been  obtained  by 
exhausting  the  air  &om  the  moulds  at  the  time  of  pouring,  thus 
obtaining  a  pressure  of  one  atmosphere,  which  could  eHao  be 
increased  by  admitting  compressed  air  in  upon  the  top  of  the 
mould,  so  as  to  press  upon  the  metal. 


CHAPTEB  XXI. 

ORAm    T,*TIT.BB 


*t 


A  vouRSKZ  mnat  be  well  piorided  vith  kdlee,  Tatymg  in  edze 
&am  tiie  smaUest,  which  ona  mau  can  eaaily  carry,  up  to  those 
capable  of  holding  two,  three,  or  five  tons.  Of  the  smalleet  mze, 
which  are  edmilar  in  form  to  Fig.  8,  Plate  XIII.,  bat  generally 
made  in  one  piece,  a  good  many  Bhonld  always  be  kept  in  stock;  of 
the  larger  aizee,  the  number  must  of  conrse  be  determined  by  the 
dasB  of  work  it  is  nsoal  to  contract  for  in  the  foundry. 

Figs.  1  and  2,  Plate  LXXin.,  are  a  plan  and  elevation  of  a 
common  form  of  heavy  ladle,  generally  made  of  boiler  plate,  which 
shoald  be  stroi^  and  thick,  with  doable-riveted  butt  joints,  heads 
of  the  rivets  inside,  and  a  strong  angle-iron  ring  Tx>nQd  the  bottom. 

The  shape  is  cylindrical,  with  the  bottom  slightly  concave 
inside,  and  it  is  nsoal  to  ronghen  the  internal  surface  with  a 
view  of  giving  a  better  hold  for  the  loam  coating.  The  plates  o£ 
the  ladle  are  frequently  perforated  with  a  nnmber  of  holes,  abont 
half  an  inch  diameter,  a  precaution  which  is  especially  oaeAil  in 
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with  the  side  of  the  frame  next  to  it,  the  ladle  is  kept  vertical,  or 
swung  over  at  pleasxusa.  A  handle  fits  on  to  the  prolongation  of 
one  of  the  trunnions,  and  is  a  rough  means  of  regulating  the 
quantity  and  rate  at  which  the  metal  is  poured. 

Before  commencing  to  line  the  ladle,  it  is  advisahle  that  it 
should  be  sligl^y  heated;  the  lomace  man  then  gets  inside  it, 
and  haying  odHbd  the  interior  with  a  Wash  of  clay  of  about  the 
consistence  of  cream,  he  proceeds  to  apply  the  loam  to  the  bottom 
of  the  ladle  in  a  uniform  coating  &om  1  inch  to  Ij^  inch  thick, 
using  the  utmost  precaution  to  force  it  into  close  contact  with 
the  plates  at  all  points.  In  working  upwards  the  thickness  of  the 
Uning  is  sUghtly  reduced,  and  the  covering  of  the  Ups  must  be 
neatly  rounded  oflf,  so  as  not  to  oppose  any  uneven  surface  to  the 
flow  of  the  metal,  whilst  at  the  same  time  it  must  be  prevented 
from  coming  in  contact  vnth  the  iron  of  the  ladle.  When  the 
lining  is  completed,  the  ladle  is  allowed  to  stand,  until  the  loam  has 
dried  sufficiently  to  allow  of  the  ladle  being  turned  upside  down, 
without  disturbing  the  lining.  A  fire  is  then  lit  beneath  the  ladle, 
so  as  to  completely  dry  the  lining.  The  ladle  must  be  slightly 
tilted  on  one  side,  to  allow  the  damp  air  and  smoke  to  escape.  The 
nature  of  the  fire  thus  applied  somewhat  depends  upon  the  con- 
venience of  the  works,  but  one  of  the  simplest  and  readiest  modes  is 
to  place  a  pile  of  ignited  coke  on  a  piece  of  old  sheet  iron,  and  run 
it  under  the  ladle. 

If  any  cracks  are  observed  in  the  lining  during  the  process  of 
drying,  they  must  be  filled  up  with  moist  loam,  and  when  the 
whole  is  perfectly  dry  and  uniformly  covered,  without  cracks  or 
flaws,  a  coating  of  thick  blackwash  is  applied.  When  about  to 
toes  the  metal  into  a  ladle,  an  old  piece  of  plate  should  be  placed  in 
a  sloping  position,  resting  against  one  side  of  the  bottom,  so  as  to 
prevent  the  first  force  of  the  current  of  metal  from  coming  into  con- 
tact with  the  Uning ;  this  plate  must  be  removed  with  the  tongs, 
when  there  is  metal  enough  in  the  ladle  to  receive  the  flow  of  the 
falling  metal.  The  "  breaking  of  the  iron  "  in  the  ladle  is  useful 
as  an  indication  to  the  founder  of  its  temperature. 

The  currents  are  more  rapid,  and  the  bright  Unes  dividing  up 
the  sur£EU»  are  more  irregular  and  transitory,  when  the  metal  is  first 
run  into  the  ladle  than  afterwards. 

X  2 
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By  a  dose  observauoe  of  this  cniioiui  phenomenon,  the  foonder 
is  enabled  to  judge  the  right  moment  for  pouring,  aa  it  is  seldom 
advisable  to  do  ao  when  the  iron  is  at  a  much  higher  tempeiatore 
than  is  necessary  to  ensnre  its  penetration  to  every  part  of  the 
mould,  and  making  a  clean  sharp  casting.  Small  ornamental  wwk 
mnst  be  poured  at  a  higher  temperatnie  than  large  heavy  eastings. 

If  the  metal  in  the  ladle  is  considered  to  be  too  hot  to  poor,  a 
few  pieces  of  perfectly  dry,  clean  scrap  iron  are  plunged  into  the 
ladle,  where  they  will  absorb  some  of  the  excess  of  heat,  in  the 
process  of  being  melted.  The  iron  thns  pat  into  the  ladle  has  a 
strong  tenden^  to  fioat;  it  mnst  therefore  be  forced  down  with 
the  tongs,  bat  the  greatest  care  most  be  exercised  not  to  damage 
the  lining  in  so  doing. 

A  convenient  mode  of  tipping  the  ladles  is  obtained  by  the 
arrangement  shown  in  Figs.  5  and  6,  FUte  LXXIII. 

The  strong  wronght-iron  cross-head  is  brooght  down  on  each 
side  to  nearly  the  bottom  of  the  ladle,  where  it  is  bent  round  extra 
strong  lugs  or  trminions.  Upon  one  of  these  tmnnions  is  keyied  a 
cast-iron  worm  wheel,  which  is  geared  into  by  an  endless  east-inm 
screw,  carried  by  bearings  attached  to  the  side  bar.  The  end  of 
the  axis  of  this  screw  is  sqnare,  so  as  to  fit  the  socket  of  the  long 
shaft,  which  is  caused  to  rotat«  by  means  of  a  capstan  wheel,  fixed 
at  such  a  distance  from  the  ladle,  that  the  man  working  it  shall  not 
be  inconvenienced  by  the  heat  of  the  metal  in  the  ladle. 
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by  mounting  four  small  cast-iron  flanged  wheels  on  strong  wrought- 
iron  axles.  Two  cross-bars  are  riveted  to  the  axles,  a  little  farther 
apart  than  the  diameter  of  the  ladle ;  these  are  slightly  cranked 
upwards,  so  as  to  embrace  the  ladle  between  them,  which  rests  on 
the  axles.  Two  strong  hooks  are  fixed  on  each  axle,  to  which  the 
chain  is  attached  by  which  the  ladle  is  drawn  along  the  rails. 

Projecting  horizontally  a  few  inches  from  each  side  bar  is 
a  square  stud,  which  is  used  as  a  means  of  arresting  the  motion  of 
the  truck ;  this  is  effected  quickly,  but  without  any  jolt  or  jar,  by  a 
workman  who  follows  the  truck.  He  is  provided  with  a  long  iron 
bar,  which  he  slips  under  the  stud,  and  rests  upon  the  top  of  the 
rear  wheel,  when  a  slight  downward  pressure  is  sufficient  to  bring 
the  ladle  to  rest. 

By  the  use  of  well-laid  raik,  preferably  without  any  inclines, 
and  the  above  simple  but  effective  brake  apparatus,  a  large  ladle, 
full  to  within  a  few  inches  of  the  top,  may  be  conveyed  from  the 
cupola  to  the  mould  in  a  very  short  time,  with  very  little  power,  so 
steadily  as  not  to  spill  any  of  the  contents,  a  very  desirable  result, 
on  the  score  both  of  economy  and  of  safety. 

The  chains  for  moving  the  trucks  along  the  railway  are  some- 
times drawn  by  manual  labour,  but  a  more  steady  motion  is 
obtained  by  winding  the  chain  upon  a  barrel  at  the  end  of  the 
line  of  rails. 

Having  the  ladle  conveniently  placed  over  the  mould,  the 
foreman  in  charge  wiU  direct  the  men  to  commence  pouring.  A 
skimmer  should  stand  on  each  side  of  the  ladle,  if  it  be  a  large 
one,  to  remove  aU  the  slag  and  other  impurities  floating  on  the 
surfEtce  of  the  metal,  and  to  prevent  as  much  of  them  as  pos- 
sible from  flowing  into  the  mould.  For  this  purpose  they  use 
a  skimming  tool,  consisting  of  a  flat  blade  of  wrought  iron  fixed  on 
to  a  long  handle  of  round  bar  iron.  To  prevent  the  oxidation  of 
the  surface  of  the  metal,  powdered  charcoal  is  plentifully  thrown 
on  it.  But  in  any  case  a  certain  amount  of  dross  will  be  found 
on  the  top  of  the  ladle,  and  some  of  it  will  evade  aU  the  dexterity 
of  the  skimmers,  and  flow  into  the  mould,  to  the  great  risk  of 
spoiling  the  casting.  This  danger  could  be  almost  entirely  avoided 
if  it  were  possible  to  use  in  general  foundry  work,  a  ladle  similar  in 
construction  to  that  adopted  in  casting  Bessemer  steel  ingots.    The 


310  TOUNDINO   AHD  OAETFINa. 

steel  from  the  Bessemer  oonverter  is  poured  into  a  large  crane  ladle, 
whence  it  is  nm  into  a  nnmber  of  caat-iion  ingot  moulds,  arranged 
in  a  circle  within  the  sweep  of  the  hydranlio  crane,  which  moves  the 
ladle  &om  immediately  over  one  monld  to  the  next,  nntil  its  con- 
tents, except  the  impnritieB  floating  on  the  snr&ce  of  the  metal,  are 
emptied.  The  ladle  is  discharged  by  removing  a  conical  ping  from 
a  hole  in  the  bottom,  bo  that  the  metal  flows  with  considerable  force 
into  the  iron  moulds.  In  this  case  the  force  dae  to  the  head  of 
metal  in  the  ladle  is  of  no  great  importance,  as  it  will  not  injure 
the  caetriron  moulds,  bat  in  general  casting  work  it  wonid  be  very 
nndesirable,  as  it  wonld  be  almost  certain  to  wash  away  portions  of 
the  monld. 
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CHAPTER  XXII. 

FOUKDBY  OBANES. 

The  proper  form  of  crane  to  be  etoiployed  in  a  foundry  is  a  question 
upon  which  there  naturally  exists  considerable  diversity  of  opinioni 
the  system  in  use  being  varied  to  a  considerable  degree.  Foundry 
cranes  may  be  roughly  divided  into  two  classes,  swing  cranes,  and 
overhead  or  travelling  cranes,  those  divisions  being  subject  to  a 
good  deal  of  amplification. 

Figs.  1  and  2,  Plate  LYII.,  are  views  of  a  substantially  built 
15-ton  crane  with  timber  framing,  arranged  with  compound  braces, 
by  Wm.  B.  Bement  and  Son,  Philadelphia.  The  wheel  or  winding 
drum  is  driven  by  spur  gearing  worked  by  a  winch.  The  traversing 
movement  is  attained  by  means  of  the  gearing  upon  the  beam,  which, 
through  a  chain,  indicated  in  the  dotted  lines,  moves  this  gearing 
out  or  in  upon  the  top  beam. 

When  the  load  is  suspended  at  the  end  of  the  crane,  the  vertical 
brace  is  subjected  to  a  tensile  strain,  which  is  provided  for  by  its 
attachment  to  the  iron  shoes  at  the  end.  To  resist  the  torsional 
strain  in  the  saddle,  caused  by  the  diagonal  draught  of  the  main 
chains,  an  arm  is  projected  some  distance  from  the  saddle,  and 
carries  a  roller,  Fig.  1,  that  presses  upon  the  inside  of  the  framing, 
and  reUeves  the  main  track.  The  sheaves  and  general  tackle  are  of 
the  ordinary  construction. 

Figs.  1  and  2,  Plate  LYIII.,  are  an  example  of  a  fixed  steam- 
crane  for  foundry  purposes,  the  main  framing  of  which  is  made  whoUy 
of  wrought  iron.  The  sides  of  the  frame  are  stifiened  at  their  edges 
by  angle  irons.  The  larger  and  more  powerful  cranes  of  this  class 
are  fitted  with  this  construction,  the  smaller  being  made  of  sufli- 
cient  stifihess  without  them.  The  crane  represented  in  the  Plate 
has  two  steam  cylinders,  with  link-reversing  motions,  single  and 
double  purchase  gearing ;  the  barrel  has  a  spiral  groove  for  pre- 
venting the  chain  &om  overlapping  or  swinging.     There  is  a 
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mckiiig  in>8Dd-ont  motion  to  the  j^uty,  letnm  block  and  donble- 
chain,  and  pover-sle^mig  gear.  The  amallei  aizea  of  these  cianea 
hare  only  one  cylinder,  and  are  not  made  with  the  gear  for  dewing. 
Hand  motions  are  fitted  to  eaoh,  bo  that  in  the  case  of  the  engines 
or  boilers  becoming  ont  of  order,  no  inconvenieiice  may  arise  by  the 
delay  that  would  otherwise  be  caused. 

The  steam-pipe  is,  as  a  general  role,  passed  through  the  top 
piTot  of  the  crane  into  the  cylinders,  but  in  ezcepticmal  cases 
through  the  bottom  pivot ;  this  latter  mode  Bhoold  be  avoided  if 
there  is  any  preference :  in  other  examples,  when  the  crane  is  not 
required  to  describe  an  arc  of  more  than  180^,  the  steam-pipe  may 
be  brought  to  the  centre  line  of  the  crane  by  a  joint,  without  passing 
through  the  pivots.  This  Utter  plan  has  been  applied  to  a  good 
many  cranes,  when  steam  has  been  required  to  replace  mannal 
labour ;  the  boiler  may  be  fastened  to  a  tank  or  platform  at  the  fdde 
or  behind  the  crane,  and  revolve  with  it. 

Iron  &ame  cranes  to  be  worked  by  hand  are  usnally  mmilar  in 
every  respect  to  the  steam-crane  just  described,  and  have  a  radios 
of  bOm  12  to  20  feet,  but  the  steam  fittings  are  of  course  dispensed 
with,  and  handles  fitted  to  the  barrel. 

Hydraulic  cranes  have  of  late  years  been  introduced  with  gr«a( 
advantage  where  water  under  sufficient  pressure  is  availaUe. 
The  form  of  bydrsnlie  crane  used  at  Sir  Wm.  Armstrong's  works 
is  represented  in  Plate  LIX.    The  jib  and  pillar  of  the  crane  ate 
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upward  through  the  crane  pillar,  bending  over  a  sheave  G  at  the 
top  of  the  pillar,  and  passes  successively  over  the  pulleys  of  the 
travelling  carriage  D,  and  the  running  block  E,  and  is  finally  made 
&8t  at  the  extremity  of  the  jib.  For  the  purpose  of  overhauling 
the  ram  of  the  lifting  press,  a  small  press  is  placed  between  the  two 
turning  presses  6 ;  and  the  overhauling  action  is  effected  by  a  chain 
being  attached  to  the  sUding  head  of  the  lifting  ram  at  I.  The 
pressure  in  the  overhauling  press  is  constant,  and  its  action  is  there- 
fore equivalent  to  that  of  a  counterweight ;  the  ram  is  4^  inches 
diameter,  with  3  feet  5  inches  stroke.  For  effecting  the  traversing 
motion  of  the  load  suspended  at  the  hook,  the  travelling  carriage 
D  is  hauled  inward  and  outward  by  two  presses  H  fixed  to  the 
back  of  the  crane  pillar,  and  connected  by  chains  with  the  travel- 
ling carriage ;  the  ram  of  each  press  is  5^  inches  diameter,  with  a 
4  feet  7  inch  stroke.  The  alternating  action  of  these  presses, 
which  is  precisely  the  same  as  that  of  the  presses  B  used  for  the 
turning  motion,  is  regulated  by  a  three-port  slide-valve  K  attached 
to  the  front  of  the  pillar,  with  a  lever  at  each  side  for  working  it. 
The  water  is  supplied  to  and  discharged  from  these  presses  by  two 
pipes  which  pass  through  the  top  bearing  of  the  pillar,  and  the 
connection  between  the  valve  and  these  pipes  is  effected  in  each  case 
by  a  trunnion  joint  at  J.  J. 

Fig.  3,  Plate  LVII.,  shows  an  example  of  Appleby's  hand- 
power  wall  cranes.  These  cranes  may  be  fixed  on  any  wall,  pier, 
or  colunm  of  the  foundry  or  forge ;  and  so  convenient  are  they  that 
a  traveller  may  be  arranged  over  them  if  necessary.  In  foundries 
several  of  these  cranes  fixed  diagonally  with  each  other,  are  espe- 
cially useful  for  the  lighter  branches  of  the  work,  as  the  floor  in  the 
centre,  by  this  means,  will  be  entirely  free  for  the  heavier  duties  of 
the  overhead  traveller,  such  as  lifting  heavy  castings  or  ladles.  The 
traveller  is  not  then  wanted  for  the  lighter  part  of  the  work,  as  this 
is  managed  by  the  emaUer  cranes,  perhaps  more  expeditiously  than 
with  the  heavier  ones.  These  cranes  have  been  erected  in  several 
large  foundries,  and  are  proving  in  every  way  satisfactory. 

Where  work  is  at  all  heavy,  it  becomes  a  question  as  to  the 
advisability  of  employing  overhead  travelling  cranes,  which  have 
the  great  merit  of  leaving  the  moulding  floor  entirely  clear.  By 
means  of  such  appliances  we  can  also  carry  the  flasks  from  the 
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outside  of  the  bnildiog,  and  lower  them  at  any  giyen  spot  within 
the  space  travetBed;  while  they  can  also  be  ananged  to  bring  die 
ladles  to  the  monlds,  or  Femove  castings  to  the  fettling  machineB. 

Orerhead  travelleia  are  made  of  very  Tarioos  deeigDS ;  the  chief 
poiate  to  be  obeerred  in  their  .constrnction  being,  the  making  of  the 
main  girders  sufficiently  atnmg  for  the  weight  they  will  be  required 
to  support ;  and  in  those  worked  by  band  power  the  gearing  shonld 
be  of  especially  good  conBtrndaon,  for  it  mnst  be  borne  in  mind 
that  the  gross  weight  of  both  traveller  and  load  has  to  be  moved 
every  time  the  crane  is  pat  into  operation.  The  giidera  are  of 
several  forms,  some  having  timber  beams  and  wronght-iron  trass 
and  tie-rods,  while  others  are  of  wrought  iron  of  vaiions  sections. 
The  heavier  varieties  are  fitted  with  a  central  or  platform  girder, 
which,  to  a  great  extent,  supports  the  weight  of  the  lii^g  and 
working  gear  with  its  &amework. 

Plate  LX.  shows  a  traveller  with  the  main  and  platform  girder 
composed  of  wrought  iron,  rolled  in  H  section  and  trussed.  This 
form  of  traveller  is  frequently  used  where  lightness  is  required 
with  a  long  span.  The  general  arrangement  of  the  crab  gearing  is 
as  follows : — The  lifting  gear  is  single  and  double  parchase,  and 
the  power  is  increased  by  blocks  or  chains,  the  upper  sheaves  Ha 
which  are  carried  in  the  tntnsome  on  the  top  of  the  side  &ames  of 
the  crab.  The  chain  barrel  is  keyed  into  the  large  spur-wheel 
to  relieve  the  shaft  from  torsion,  the  ratchet-wheel  is  cast  to  &0 
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level,  or  be  canted  to  any  position  required,  or,  for  light  work,  one 
crab  can  be  thrown  out  of  gear  and  run  to  one  end,  and  all  the 
motions  performed  by  the  other.  Travellers  for  loads  of  lees  than 
20  tons  are  rarely  made  with  two  crabs,  but  this  is  entirely  a 
matter  dependent  on  the  class  of  work  the  crane  is  empbyed  to 
shift. 

The  travelling  crane,  Figs.  1  and  2,  Plate  LXI.,  is  well  adapted 
for  a  foundry  where  8tean\  can  without  difficulty  be  applied  for 
the  purpose  of  driving  a  tumbler  shaft,  the  length  to  be  traversed 
longitudinally  not  exceeding  200  to  300  feet ;  beyond  this  distance, 
the  torsion  of  the  tumbler  shaft  becomes  objectionable. 

It  was  constructed  to  sustain  a  load  of  50  tons  for  a  span  of  45 
feet  at  the  North-Eastem  Marine  Engineering  Company's  Works 
at  Sunderland.  It  is  one  of  the  most  powerful  of  the  class  to 
which  it  belongs,  and  was  made  by  Appleby  Bros,  of  London. 

The  main  beams  are  wrought-iron  fish-bellied  box  girders.  The 
box  section  is  also  employed  in  the  end  cradles,  which  are  fitted 
with  six  steel  double-flanged  wheels,  fixed  on  immovable  axles,  the 
lubrication  of  which  is  performed  from  the  centre.  Such  an 
immense  weight  is  supported  by  each  wheel,  that  it  is  necessary  for 
them  to  be  made  of  steel  instead  of  iron ;  the  four  crab- wheels  are 
also  of  steel.  These  latter  could  not  be  made  with  fixed  axles, 
so  are  provided  with  movable  double  frames  or  journals.  The 
crab  is  formed  with  single,  double,  and  treble  purchases,  which  are 
varied  by  means  of  a  hand-wheel  and  screw.  The  barrel  has  a  spiral 
groove,  so  as  to  enable  it  to  take  the  chain  without  overlapping,  the 
gearing  at  each  end  being  so  arranged  as  to  provide  against 
torsional  strain  on  the  barrel  shaft.  Three  sheaves  are  provided 
to  the  top  and  bottom  blocks,  thus  enabling  it  to  give  seven  laps  of 
chain.  On  the  first  motion  shaft,  besides  the  three  different  speeds 
of  lifting  gear,  there  is  a  set  of  geared  change  wheels  and  clutches ; 
by  these  simple  means  the  whole  of  the  travelling  and  lifting  speeds 
are  completely  changed,  in  the  proportion  of  2  to  1 ;  thus,  without 
disarranging  the  crane  blocks,  it  gives  the  lifting  speed  of  six  powers, 
and  two  speeds  of  longitudinal  and  cross  travelling,  making  the 
traveller,  which  would  in  other  circumstances  be  slow  and  un- 
gainly, into  a  very  useful  tool.  Of  course  the  greatest  load  of  50 
tons  would  be  an  exception  rather  than  an  every-day  occurrence. 
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The  mofdons  are  transmitted  by  laversmg  Motion  clutches,  which 
axe  copper-lined,  the  brake  and  pawl  being  connected  and  opiated  by 
a  foot  lever ;  wben  the  brake  is  applied,  the  pawl  is  of  coarse  lifted 
oat  of  gear.  The  motions  of  lifting  and  carrying  can  be  simaltane- 
oasly  worked ;  the  leverB,  being  all  brought  together,  enable  them  to 
be  worked  by  one  Ifian  at  a  point  where  he  can  see  every  movement 
on  the  part  of  his  fellow-workmen,  which  is  of  very  great  moment, 
as  he  is  compelled  to  labour  almost  eatirely  by  signs  of  the  hand,  or 
Bome  other  movement,  and  any  error,  throngh  a  nuaimderstanding, 
might  be  the  canse  of  considerable  damage.  Hand  power  is  also 
supplied  to  the  machine  if  repaired.  In  the  trial  of  this  overhead 
traveller  with  the  maximnm  load  of  51  tons,  the  deflection  of  the 
whole,  including  that  of  the  longitadinal  beam,  was  foond  oa  ex- 
amination to  be  only  three-eighths  of  an  inch,  and  this  was  not  per- 
manent. The  shaft  can  be  easily  lined  ap  in  case  any  settiement 
shonld  be  liable  to  take  place  in  the  fonndalions,  the  tnmbler 
bearings  being  adjastable.  The  longitadinal  shaft,  &om  which  all 
the  movem^its  are  taken,  is  of  3-inch  sqaare  iron,  driven  at  the 
speed  of  100  revolntions  a  minnte. 

The  same  shaft  will,  if  necessary,  drive  several  of  these  tta- 
veUers. 

In  many  large  workf  .two  somewhat  elaborate  Bystems  of  lifting 
have  been  empl<^ed,  in  which  rope  or  cord  is  made  the  means  <^ 
transmitting  tiie  power,  instead  of  shafting,   The  first  of  these  was 
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and  trayersing-jib-cranes,  lifting  4  tons.  The  cranes  are  all  driven 
by  endless  cords  running  along  the  top  of  the  shops,  close  to  the  * 
roof  tie-beams.  The  overhead  traversers  are  worked  in  each  case 
by  a  man  seated  on  a  platform  attached  to  the  crab,  and  moving 
with  it ;  and  the  jib-cranes  by  a  man  standing  below  at  the  foot  of 
the  crane,  and  walking  along  with  it  when  transrsing ;  each  man 
having  control  over  the  lifting,  lowering,  and  traversing  movements 
by  a  set  of  handles. 

The  constmction  of  the  cranes  is  shown  in  Plates  LXU.  to 
LXIX.  Plates  LXII.  to  LXVII.  show  the  overhead  traverser; 
and  Plates  LXYIII.  and  LXIX.  the  jib-crane. 

Fig.  1,  Plate  LXII.  is  a  transverse  section  of  the  engine-repairing 
shop  at  Crewe,  and  Fig.  2  is  a  plan,  shortened  in  the  direction  of 
the  length  of  the  shop.  The  two  pairs  of  overhead  traversers  A  A 
and  B  B  work  on  two  parallel  sets  of  rails,  each  having  a  ^n  of 
40  feet  7  inches,  and  a  longitudinal  traverse  of  270  feet.  The 
girders  forming  the  longitudinal  rails,  are  carried  by  the  side  walls 
and  by  columns,  at  a  height  of  16  feet  above  the  floor,  ^e  two 
pairs  of  traversers  are  separately  worked  by  the  endless  cords  C  C 
and  D  D,  each  cord  being  carried  down  the  side  of  the  shop,  and 
returning  along  the  same  side,  but  at  4  feet  lower  level.  The 
course  of  the  cords  is  indicated  by  the  arsows.  In  order  to  commu- 
nicate motion  to  the  traverser  and  crab,  the  driving  portion  of  the 
cord  is  carried  across  each  traverser  to  the  fsuilier  end,  and  back 
again  before  passing  on  the  main  driving  pulley.     ' . 

The  cord  is  returned  round  a  tightening  pulley  E,  4  feet  diameter, 
at  the  end  of  the  shop.  Fig.  1,  Plate  LXII.,  carried  in  a  horizontal 
slide  frame  F,  as  shown  to  a  larger  scale  in  Figs.  1  and  2,  Plate 
LXVII.  To  this  frame  is  connected  a  weight  G,  Fig.  1,  for  the 
purpose  of  giving  the  requisite  tension  to  the  driving  cord,  and 
taking  up  any  stretching  or  temporary  variation  of  length  due  to 
change  of  load  or  weather.  The  tightening  frame  F  has  a  traverse 
across  the  end  wall  of  the  shop,  giving  a  range  of  34  feet,  which 
takes  up  a  variation  in  the  length  of  the  cord  equal  to  twice  that 
amount.  The  traverser  is  shown  in  the  side  elevation  and  plan. 
Figs.  1  and  2,  Plate  LXIIL,  and  Figs.  1  and  2,  Plate  LXIV.,  are 
transverse  sections  at  the  end  and  at  the  centre.  It  is  constructed 
of  two  timber  beams  HH,  trussed  with  wrought-iron  bars ;  and  the 
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whole  is  carried  hj  fbor  flanged  wheels  motinted  in  the  caet-inm 
gairiagee,  into  vhich  the  enda  of  the  beam  H  are  fixed. 

The  longitodinal  driving  gear  is  placed  at  J,  Figs.  1  and  2, 
FUte  LXm.,  at  the  end  of  the  traTerser,  and  ib  shown  to  a  larger 
scale  in  Fig.  1,  Plate  LXVI.  It  consists  of  a  donUe  Motion  diao 
K,  keyed  on  the  vertical  spindle  of  the  driving  pulley  L,  in  which 
the  driving  cord  mns.  The  spindle  footstep  and  guide  M  are 
carried  h;  the  double  lever  N,  which  is  connected  to  the  short 
lever  on  the  horizontal  shaft  0.  This  shaft  extends  across  the 
whole  length  of  the  traverser,  as  shown  at  0  0,  in  Figs.  1  and  3, 
Plate  LXT.,  and  is  nnder  the  control  of  the  attendant  by  means  of 
the  lever  I  sliding  on  the  shaft  along  with  the  crab,  whereby  the 
friction  disc  E,  Fig.  1,  Plate  LXYI.,  is  laised  or  lowered,  so  as  to 
be  bronght  into  ocmtoot  with  the  friction  pulley  P,  either  at  bottom 
or  at  top,  acctnding  to  the  direction  in  which  the  tiaverser  is 
reqninifl  to  move.  The  motion  of  the  Motion  pnlley  P  is  redaced 
by  the  worm  or  worm-wheel  and  spnr-gear  to  the  pinitoi  shaft  Q, 
which  ie  carried  across  the  traverser  from  end  to  end  by  means  of 
pinions,  driving  the  carrying  wheel  at  each  end  of  the  travener. 
Fig.  2,  Plate  LXIY.  The  frictional  snrbces  of  the  driving  disc  E 
are  composed  c^  rings  of  alder  wood  cnt  with  the  fibre  on  end ;  the 
edges  of  the  wood  rings  aie  bevelled,  and  they  are  secured  in  their 
places  by  an  inner  iron  ring,  as  shown  black  in  Fig.  I,  Plate 
LXVL 
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ohambered  at  the  top  for  the  convenience  of  oiling,  which  is  done 
by  raising  the  pulley  by  hand  nntil  the  spout  of  an  ordinary  oil^n 
will  reach  the  chamber.  In  the  event  of  the  cord  leaving  the 
pulley  from  any  cause,  guards  are  provided,  as  shown  at  A,  in  order 
to  prevent  accident. 

The  crab  of  the  traverser  is  shown  in  Fig.  3,  Plate  LXIV., 
and  Figs.  1,  2,  and  3,  Plate  LXY.,  which  gives  a  transverse 
section,  a  longitudinal  section,  and  a  plan.  It  consists  of  a  pair  of 
cast-iron  frames,  carrying  a  chain  barrel,  lifting  and  lowering,  and 
traversing  gear ;  the  whole  being  carried  upon  four  flanged  wheels 
running  on  rails  bolted  upon  the  traverser  beams  H  H. 

The  lifting  and  lowering  gear  is  partly  shown  in  detail,  to 
a  larger  scale,  in  Fig.  2,  Plate  LXVI.  The  double-grooved  pulley 
B  is  keyed  to  the  vertical  spindle,  and  is  put  in  motion  when  the 
cord  is  pressed  into  either  of  its  grooves  by  the  presser  pulleys  S 
and  T.  These  pulleys  are  of  cast  iron,  8  inches  working  dimeter, 
and  are  mounted  on  short  iron  studs,  tapped  into  the  radial 
arm  Z,  on  which  they  are  carried,  as  shown  in  Figs.  3  and  4, 
Plate  LXVI.,  and  in  the  plans.  Figs.  2  and  3,  Plate  LXV. 
The  heads  of  the  studs  are  recessed  to  form  a  receptacle  for  oil, 
Figs.  3  and  4,  Plate  LXYI.,  the  oiling  being  done  from  the  top, 
through  a  hole  drilled  in  the  stud  for  that  purpose.  When  at  rest 
the  pulleys  are  clear  of  the  cord,  and  are  therefore  only  running 
when  work  is  being  done.  The  stud  bearings  are  necessarily  short, 
in  consequence  of  the  small  amount  of  clearance  between  the  pul- 
leys and  the  roof  tie-beams,  which  at  this  point  do  not  exceed 
li  inch,  as  seen  in  Fig.  3,  Plate  LXIV.,  and  Fig.  1,  Plate  L:*^. 
The  grooves  in  the  driving  pulley  R,  Fig.  2,  Plate  LXVI.,  are  of 
different  diameters,  whereby  different  velocities  are  obtained,  the 
smaller  being  used  for  lowering  and  the  larger  for  lifting ;  and  as 
the  two  portions  of  the  driving  cord  are  running  constantly  in 
opposite  directions,  the  reversing  is  obtained  by  simply  pressing 
one  or  other  of  the  cords  into  contact  with  the  driving  pulley,  by 
the  presser  pulley  S  or  T,  on  the  same  side  of  the  driving  pulley  in 
both  cases,  with  a  pressure  proportionate  to  the  work  to  be  done. 
The  radial  arm  Z  carrying  the  pressure  pulleys  S  and  T,  turns 
upon  the  spindle  A,  Fig.  2,  Plate  LXVI.,  and  the  toothed  segment 
B,  which  is  part  of  the  same  casting  as  the  arm  Z,  gears  into  a 
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rook  at  the  end  of  the  rod  G,  Fig.  2,  Plate  LXT.,  attached  to  the 
hand  lerer  D.  The  lerer  D  is  under  the  control  of  the  attendant, 
and  is  held  in  its  place  by  a  spring  catch  in  a  notched  sector. 

From  the  driving  pnlley  B,  Fig.  3,  Plate  LXIY.,  and  Fig.  S, 
Plate  LXY.,  the  velocity  of  the  driving  cord  is  transmitted  and 
rednced  through  the  worm  and  worm-nheel  IT,  Fig.  3,  Plate 
LXV.  In  order  to  economize  space,  the  shaft  of  the  -worm-wheel 
U  is  carried  tlirongh  the  hollow  shaft  on  which  the  chain  harrel  Y 
and  its  spnT-wheeJa  are  monnted.  The  number  of  revolutions  is 
fiutber  rednced  hy  a  spar-pinion  and  wheel  to  the  shaft  W,  on 
which  slide  the  two  pinions  X  X,  of  different  diameters,  gearing 
alternately  into  the  spur-wheels  Y  T,  also  of  different  diianeters, 
which  are  keyed  to  the  chain  barrel  Y,  so  as  to  give  a  greater 
or  less  purchase  as  required  for  heavy  or  light  loads,  the  ratio  of 
difference  being  about  4  to  1. 

The  croes-traversing  gear  E,  Fig.  3,  Flat«  LXY.,  is  amilar  in 
principle  to  the  lifting  gear.  The  two  grooves  of  the  driving  pulley 
F  are,  however,  of  the  same  diameter  in  this  case,  the  velocity  of 
traverse  being  the  same  in  both  directions.  The  pulley  F  is  placed 
on  the  opposite  side  of  the  driving  cord  to  the  pulley  B  of  the 
lifting  gear,  so  that  the  cord,  when  need  for  traversing,  may 
not  foul  the  lifting  pulley.  The  radial  arm  G,  carrying  the  presser 
pulleys  belonging  to  the  driving  pulley  F,  is  worked  by  a  rack  and 
segment  from  the  hand  lever  J,  Fig.  2,  Plate  LXY.,  which  is 


rOUNDBY  CRANES.  321 

snpport  the  crane  laterally  when  lifting  on  either  side  of  the  raQ. 
The  driving  cord  is  carried  down  to  the  shop  and  hack  again,  as 
indicated  by  the  arrows  in  the  plan,  Fig.  2,  Plate  LXYIIL,  just  below 
the  roof  tie-beams.  In  its  course,  it  is  passed  ronnd  nearly  half  the 
circmnference  of  the  driving  pnlley  D  of  each  crane,  by  means  of  the 
two  gnide  pulleys  E  E,  the  one  crane  being  driven  by  the  outgoing 
cord,  and  the  oilier  by  the  return  cord.  The  guide  pulleys  E  are 
carried  by  a  guide  bracket  upon  the  top  of  the  crane  post,  Fig.  1, 
Plate  LXIX.,  and  traverse  with  the  crane.  The  tightening  gear 
F  is  similar  in  its  action  to  that  already  described  for  the  overhead 
traverser. 

The  crane  is  constructed  of  the  plate-box  frame  G*,  Figs.  1  and 
2,  Plate  LXIX.,  forming  the  base,  and  carrying  the  vertical  cast- 
iron  pillar  H,  round  which  the  outer  casing  and  its  attached  jib 
E  revolve.  The  driving  pulley  D  is  keyed  to  the  vertical  shaft  I, 
passing  down  the  centre  of  the  crane  post,  and  from  this  shaft  all 
the  motions  are  taken  by  means  of  frictional  gear.  The  lifting 
and  lowering  gear  J  consists  of  the  double  friction-cone  of  cast 
iron  L  L,  sliding  on  a  &st  key  on  the  vertical  shaft  I,  and 
moved  up  or  down  as  required,  to  bring  the  lower  or  upper  fric- 
tional surfiaces  into  contact  with  the  single  central  friction-cone, 
from  which  the  motion  is  transmitted  and  reduced  through  the 
worm-wheel  and  train  of  spur-gear  to  the  chain  barrel,  as  shown  at 
J,  in  Fig.  1,  Plate  LXIX.  The  whole  is  carried  by  the  cast-iron 
bracket  N,  which  is  bolted  to  the  outer  casing  of  the  crane  pillar,  and 
revolm  with  it.  The  bearings  for  the  driving  shaft  I  above  and 
below  the  double  friction-cone  L  are  of  cast  iron ;  but  the  horizontal 
worm-spindle  runs  in  a  brass  bush,  the  end  pressure,  when  lifting, 
being  taken  by  the  collar  of  the  bush  and  the  end  step.  The 
driving  cones  are  raised  or  lowered  by  means  of  the  double  lever 
0  0  and  brass  clutches,  as  shown  in  the  plan.  Fig.  3,  Plate  LXIX., 
on  each  side  of  the  boss  of  the  lower  cone  L.  These  levers  are 
placed  under  the  cones  instead  of  between  them,  in  order  that  any 
oil  thrown  ofif  the  collars  may  not  effect  the  frictional  surface.  The 
clutch  levers  are  connected  by  an  external  rod  to  the  hand  lever  P, 
]^g.  1,  Plate  LXIX.,  at  a  convenient  height  for  the  man  working 

the  crane. 

The  traversing  motion  shown  at  Q  is  similar  in  principle  to  the 
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lifting  gear,  couaiating  of  a  single  frictiou-coiifl  keyed  on  the  bottom 
of  the  Tertical  driving  Bh&fl  I,  which  commnoicateB  a  backward  and 
forward  traverse  when  either  tace  of  the  double  ccme  8  ia  l^ooght 
into  driving  contact  as  required ;  the  motion  being  transmitted  to  the 
carrying  wheels  hy  the  horizontal  shaft  T,  throngh  the  train  of  worm 
and  spar  gear  indicated  in  Fig.  1,  Plate  LXIX.  The  traversing 
gear  is  applied  to  both  the  carrying  wheels,  in  order  tiiat  there  may 
be  Boffioenb  adhesion  when  the  load  overhangs  either  end  of  the 
crane,  which  would  not  be  the  case  if  only  one  wheel  were  driven, 
and  the  load  overhung  the  opposite  end  of  the  crane.  The  donUe 
cone  S  is  moved  along  the  horizontal  shaft  T  by  c]al«h  levers  U,  ia 
a  similar  manner  to  the  lifting  and  lowering  gear.  The  donble 
cones  8  are  of  cast  iron,  bnt  the  driving  cone  is  composed  of  a  cone 
of  alder  wood,  which  ia  fastened  by  lock-nnts  and  stnds  to  a  wronght- 
iion  disc  screwed  on  the  coned  end  of  the  vertical  shaft.  The 
traversing  gear  is  carried  by  the  bracket  W,  which  is  bolted  to  the 
foot  of  the  centre  pillar  H,  Fig.  2,  Plato  LXIX.  The  beorings  of 
the  horizontal  shaft  T  are  of  cast  iron,  and  the  bearing  of  the  foot 
of  the  driving  shaft  I  is  of  brass,  the  weight  of  the  shaft  being  taken 
by  the  collar  of  the  bush,  on  which  rests  the  lock-nnts  screwed  on 
the  shaft  at  that  point,  forming  an  adjustable  collar  for  taking  op 
the  wear  and  keeping  up  the  driving  pulley  D,  at  the  right  levd 
for  the  driving  cord.  The  horizontal  shaft  T  is  cairied  at  the 
V  Cftat-iron  bi'ockets,  with  bmsa  bushes  to  take  the  end  thrust 
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lifted  at  the  rate  of  1  foot  7^  inches  per  minnte,  the  total  leverage 
being  slightlj  over  3000  to  1 ;  so  that  in  this  case  the  driving 
power  required  to  lift  the  maximum  load  of  25  tons  is  only  18  lbs., 
irrespective  of  friction.  When  lifting  light  loads  with  the  traversers 
the  speed  of  lifting  is  increased  to  6  feet  5  inches  per  minute,  being 
a  leverage  of  nearly  800  to  1 ;  and  in  the  jib-cranes  which  lift  up 
to  4  tons,  the  speed  of  lifting  is  5  feet  1^  inch  per  minute,  giving  a 
leverage  of  nearly  1000  to  1.  The  actual  power  required  in  the 
traversers  for  lifting  a  load  of  9  tons,  besides  the  snatch-block  and 
chain,  has  been  found  to  be  17  lbs.,  acting  at  the  circumference  of 
{he  driving  pulley  at  the  point  where  the  driving  cord  acts  upon  it ; 
and  the  total  leverage  over  the  load  being  3000  to  1,  the  portion 
required  to  sustain  the  load  is  6  lbs.,  leaving  11  lbs.  as  the  working 
power  required  to  overcome  the  friction  of  the  crab-gear  under  that 
load.  The  crab  when  unloaded  is  found  to  require  a  driving  power 
of  1^  lb.  to  overcome  its  friction. 

The  tightening  weight  G,  Figs.  1  and  2,  Plate  LXU.,  is  218  lbs. 
or  109  lbs.  on  each  half  of  the  driving  cord ;  and  this  is  found  to 
be  about  the  beet  working  strain  for  keeping  the  rope  steady,  and 
giving  the  required  hold  on  the  main  driving  pulley,  and  the 
horizontal  pulleys  of  the  crab.  The  limit  of  the  weight  G,  is  that 
required  to  give  steadiness  to  the  transverse  portion  of  the  cord 
situated  between  the  crab  pulleys  and  the  end  of  the  traverser, 
which  is  unsupported  for  a  length  of  about  30  feet  when  the  crab  is 
dose  to  one  end  of  the  traverser. 

The  driving  cords  employed  are  soft  white  cotton  cords,  f  inch 
diameter  when  new,  and  weighing  about  1^  oz.  per  foot ;  they  soon 
become  reduced  to  about  -^  inch  by  stretching,  and  are  found  to 
last  about  eight  months  in  constant  work.  A  smaller  cord  of  about 
f  inch  diameter  was  originally  used ;  it  was,  however,  found  desir- 
able to  adopt  a  cord  ^  inch  diameter  afterwards.  The  total  length 
of  each  of  the  two  driving  cords  is,  in  Plate  LXU.,  800  feet,  and  in 
Plate  LXVIII.,  320  feet.  The  wear  and  tear  of  the  cord  is  consi-- 
dered  mainly  to  be  influenced  by  the  bends  to  which  it  is  subjected 
in  its  course ;  and  the  pulleys  over  which  it  is  bent  are  therefore 
none  of  them  made  less  than  18  inches  diameter,  or  about  30  times 
the  diameter  of  the  cord,  excepting  only  the  presser  pulleys  of  8 
inches  diameter,  for  pressing  the  cord  into  the  grooves  of  the  driving 
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poU^  in  the  overhead  trarerseis.  In  the  jib-cranee  the  cord  has 
elereo  benda  at  all  times,  whether  the  two  cranes  are  workiiig  or 
not ;  and  in  the  traverserB  the  cord  has  twelve  bends  when  both 
cranes  are  not  working,  Biiteen  when  both  are  Hfting  or  cross- 
travereing  alone,  and  twenty  when  both  cranes  are  traversmg  and 
alao  lifting. 

The  groove  of  the  driving  pnlleys  is  made  y-shaped  at  an  angle 
of  80  degrees,  and  smallei  at  tiie  bottom  than  the  cord,  as  shown  in 
the  half  full-size  section,  Fig.  7,  Plate  LXTII.,  so  that  the  cord  is 
gripped  between  the  inclined  sides  and  does  not  reach  the  botttnn 
of  the  groove.  In  the  guiding  pulleys  the  grove  is  made  half 
round  at  the  bottom,  with  the  same  radios  as  the  section  of  the  cord, 
as  shown  in  Fig.  8,  and  in  the  preeser  pidleys  the  bottom  of  the 
groove  is  roonded  out  with  rather  a  longer  radins,  as  in  Fig.  9. 

The  oord  is  suppOTted  at  intervals  of  12  to  14  feet  by  fixed 
slippers  of  a  plain  tron^  section,  in  which  it  lies  whilst  running, 
as  in  Figs.  4  and  5,  Plate  LXYII.  They  are  of  cast  iron,  flat  in 
the  bottom,  which  is  1§  inch  wide,  and  with  side  flanges  as  shown  io 
the  half  foU-fdze  section,  Fig.  6,  Plate  LXYH. ;  the  ends  are  bell- 
mouthed,  as  shown  m  Fig.  5.  These  slippers  are  fixedly  inch  below 
the  working  level  of  the  cord  on  the  driving  side.  Figs.  4  and  6, 
Plate  LXYII.,  so  that  the  driving  wheels  pass  clear  above  the 
slippers  in  the  traversng  of  the  crane,  and  lift  a  portion  out  of  Qum 
sncoeesively  in  passmg. ' 
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working  the  trayersers,  so  ihat  when  the  cranes  are  not  working, 
the  whole  of  the  highnspeed  gearing  stands  idle. 

The  diameter  of  the  worm-wheel  U  of  the  lifting  gear  in  the 
25-ton  traversers,  Fig.  2,  Plate  LXYI.,  is  24^  inches  at  the  pitch 
line,  and  this  is  driven  by  a  worm  3  inches  diameter  at  the  pitch  circle 
with  1  inch  pitch,  the  inclination  of  the  threads  of  the  worm  to  the 
axis  of  the  worm-wheel  being  1  in  9j^,  1  in  9*4.  This  is  found  to 
be  safely  within  the  angle  of  friction,  so  that  the  worm  will  not  slip 
back  with  any  weight  it  has  to  lift ;  and  it  thus  affords  a  complete 
means  of  holding  .hp.the  weight  at  any  point,  without  the  use  of  a 
brake,  and  of  lifting  or  lowering  it  instantly  without  the  slightest 
jerk  The  pitch  of  the  worms  has,  however,  been  so  arranged  that 
in  lowering  but  little  power  is  required  further  than  to  put  the 
gearing  in  motion.  The  speed  of  the  worms  at  the  pitch  lines  is 
833  feet  per  mhmte  for  the  lifting  gear  of  the  25-ton  traverser, 
and  486  feet  per  minute  in  the  jib-cranes.  The  pressure  on  the 
teeth  of  the  worm-wheel  in  the  traverser,  when  lifting  the  maximum 
weight  of  25  tons,  is  9^  cwt.,  and  in  the  jib-cranes  when  lifting  the 
load  of  4  tons,  it  is  7^  cwt.  In  the  practical  working  of  the  25-ton 
traversers,  however,  the  strain  seldom  exceeds  one-half  of  the  given 
amount,  since  in  lifting  very  heavy  loads  the  two  crabs  are  usually 
employed  in  conjunction. 

The  action  of  these  cranes  is  very  smooth  and  easy,  and  aU  the 
movements  are  readily  under  control,  but  they  absorb  a  good  deal  of 
power.  It  is  therefore  essential  to  the  successfol  working  of  this 
system  to  reduce  the  friction  as  much  as  can  be  by  employing  well- 
made  carefuUy  balanced  pulleys,  and  having  aa  few  bends  as  possible. 
The  pulleys  at  Crewe  are  finished  by  balancing  them  on  a  pair  of 
parallel  straight  edges,  and  adjusting  their  weight  by  filing  and 
scraping,  until  they  remain  at  rest  in  any  position ;  when  so  adjusted 
they  work  smoothly  and  steadily. 

A  system  probably  better  adapted  for[,heavy  foundry  practice,  is 
that  in  which  a  steel-wire  rope  working  with  a  clip  drum  is  employed, 
instead  of  a  cotton  rope  acting  by  friction  only.  A  crane  on  this 
plan  was  described  and  illustrated  by  Mr.  John  Femie  in  the 
Trans.  Inst.  M.  E.'  in  1868,  from  which  we  extract  the  following 
description. 

The  wire-rope  crane,  Plates  LXXI.-LXXIII.,  is  employed  at  the 
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Steam  Floagli  Viotka,  Leeda,  &a  lifting  heavy  inak  ranging  tram 
15  touB  downwards ;  it  has  a  span  (^40  feet,  and  traveiBea  a  length 
of  180  feet.  The  throe  different  motions  for  longitudinal  traTerse, 
croBa-ttaTeise,  and  hoisting,  are  all  derived  from  one  endkaa  steel- 
wire  rope,  j  inch  diameter,  and  wnghing  2  lbs.  par  yard.  Thk 
rope  is  driven  at  a  qieed  of  four  miles  an  hour,  1^  means  of  a 
clip  pnlle;  fixed  at  one  end  of  &e  shop,  which  ia  driven  by  belts 
and  gearing  from  the  engine  working  in  the  ehop.  The  rope  extends 
the  whole  length  of  one  side  of  the  shop,  going  and  retaining  oo 
the  same  side  at  the  level  of  the  traveller,  and  paasing  ronnd  a 
loose  pulley  at  the  iarther  end.  The  rope  is  entirely  xmsnpportad 
between  the  two  ends,  and  is  not  strained  tight,  bnt  hangs  looaa 
with  only  a  shght  tension,  becanse  the  peculiar  action  of  the  clip 
poUey  allows  of  the  whole  power  being  ocmunnnicated  to  the  rope^ 
by  the  grip  of  the  pnlley  throagh  half  ito  circumference,  even 
when  the  tail-rope  ia  entirely  slack. 

The  clip  pnUey  A,  Fig.  1,  Plate  LXX.,  fixed  at  the  end  of  tba 
shop,  is  speeded  to  drive  the  wire  rope  B  B  at  the  rate  of  Umr 
mUee  an  hoar,  and  lays  hold  of  the  rope  with  an  amonnt  of  grip 
prop(»iionato  to  the  strain  thrown  wpon  the  rope  by  the  load, 
releasing  it  from  ita  gnt^  when  the  rope  has  passed  the  ceotre  line. 
The  construction  and  fixing  of  the  movable  jaws  or  dips  lonnd 
the  circumference  of  the  clip  pulley  is  shown  -^  foU  axe  in 
Figs.  3  and  4,  Plate  LXX.    At  one  end  of  the  ttavelling  [Jatfona 
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line  being  3  inches  to  2  feet^  according  to  the  degree  of  tightening 
by  the  end  pulley  E. 

The  gearing  for  working  the  longitadinal  traverse  and  cross- 
traverse,  shown  to  a  scale  of  ^,  Plate  LXXI.,  is  of  the  ordinary 
description,  the  motion  being  communicated  from  the  clip  pulley  D 
on  the  traveller,  by  means  of  friction  clutches.  The  longitudinal 
traverse  has  a  speed  of  30  feet  per  minute,  and  the  cross-traverse 
20  £9et  per  minute. 

The  lifting  gear  consists  of  a  very  long  cast-iron  nut,  or  screwed 
barrel  H  H,  extending  nearly  the  whole  length  of  the  traveller,  as 
shown  in  the  plan  Fig.  2,  Plate  LXX.,  and  to  a  larger  scale  in 
Figs.  3  and  4,  Plate  LXXII. ;  and  inside  the  barrel  works  a  short 
screw  I,  Fig.  3,  Plate  LXXII.,  sliding  on  two  feathers  upon  the  long 
shaft  J  J,  which  is  driven  by  a  Motion  clutch  from  the  clip  pulley  D 
on  the  traveller,  so  that  by  the  revolution  of  the  shaft,  the  screw  is 
traversed  along  with  the  barrel.  The  long  driving  shaft  J  is  sup- 
ported at  intermediate  points  of  its  length,  by  the  two  sliding  brass 
steps  E  E,  Figs.  3  and  5,  Plate  LXXII.,  sliding  along  freely  with 
the  barrel  H,  and  kept  apart  from  each  other  at  the  distance  of 
half  the  length  of  the  barrel  by  the  rod  L;  by  this  means  the 
shaft  J  is  never  left  unsupported  for  more  than  half  its  length. 
The  screwed  barrel  H  is  cast  in  two  halves  longitudinally,  and  bolted 
together,  as  shown  in  Fig.  4,  Plate  LXXII.,  and  the  pitch  of  the 
screw  head  is  1|  inch,  the  diameter  being  6j^  inches.  One  end  of 
the  hoisting  chain  being  attached  to  the  screw  frame  M,  Fig.  3, 
the  chain  N  passes  along  through  the  inside  of  the  barrel  H,  round 
a  pulley  P,  at  the  farther  end  of  the  traveller ;  then  over  a  pulley  on 
the  cross-traversing  carriage  B,  Figs.  1  and  2,  Plate  LXXII.,  down 
to  the  snatch-hook  S,  and  up  again  over  a  second  pulley  on  the 
carriage  B ;  and  the  end  is  attached  to  the  nearest  extremity  of 
the  traveller  at  T.  There  is  no  reason,  however,  why  an  ordinary 
crab  might  not  be  used,  worked  by  a  shaft  extending  from  end  to 
end  of  the  traveller ;  and  that  plan  is  adopted  in  some  instances ; 
but  for  heavy  weights  it  is  still  considered  that  the  long  screwed 
barrel  above  described  is  preferable.  The  crane  has  two  speeds 
for  the  lifting  gear ;  one  being  at  the  rate  of  6  feet  per  minute, 
the  other  at  the  rate  of  3  feet  per  minute,  and  at  the  latter  speed 
the  crane  is  calculated  to  lift  15  tons. 
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It  is  most  deonble  that  all  macMner;  of  thia  kind  should  be 
kept  mmii&g  constantly,  eo  aa  to  be  available  for  immediate  use 
at  any  momeiii  when  required,  witbont  any  delay  fbr  starting  it  to 
work ;  bat  inasmnoh  as  the  total  time  during  which  the  cnme  is 
actaally  in  nse  does  not  amoiint  to  more  than  abont  one  faonr  oat 
of  ten,  it  ia  of  special  importance  tbat  the  power  employed  to 
diiTe  tbe  rope  when  the  crane  is  not  in  use  sbanld  be  rednced  to  as 
small  an  amount  ag  poasiUe.  If  a  quick  nmning  rope  is  employed, 
the  absorption  of  power  for  keeping  it  in  motion  forms  a  large 
{NTopcniioD  of  t^e  total  power  required  when  lifting  a  load,  and  this 
is  a  loss  which  ia  going  on  tbiong^nt  the  day ;  bot  when  a  low 
speed  of  rope  is  employed,  the  constant  loss  is  greatly  reduced. 
The  pull  reqaired  to  pat  the  rope  in  motion  when  tiis  crane  is 
standing  idle  ia  128  lbs.  When  lifting  a  load  of  10  tons  at  the 
osnal  apeed  of  3  feet  per  minate,  the  additional  pnll  npon  the 
rope  dae  to  the  toad  is  191  lbs.,  makmg  a  total  pall  of  S19  Iha 
and  tbe  horse-power  required  with  the  wire  rope  is  oonsequently 
3'4  hoise-powet  with  a  load  of  10  tone,  and  only  1'4  horse- 
power when  standing  idle,  these  amonnta  being  very  much  leaB 
than  in  tbe  case  of  tbe  qoick-moTing  cord  crane. 
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CHAPTEE  XXIII. 

OAST  STEEL. 

Thb  detailed  consideration  of  the  varions  processes  employed  in  the 
mannfacture  of  steel  wonld  be  a  digression  from  our  subject,  and 
the  present  chapter,  therefore,  deals  only  with  that  mode  in  which 
casting  steel  from  the  crucible  is  employed.  In  treating  the  subject 
of  steel  at  large,  Mr.  W.  E.  Hackney,  in  a  recent  paper  read  before 
the  Institution  of  Civil  Engineers,  gave  a  remarkably  dear  account 
of  the  manufiEU^ture  of  crucible  cast  steel;  to  this  paper  we  are 
largely  indebted  for  our  information. 

The  fusion  of  the  materials  in  crucibles  is  the  simplest  and 
oldest  form  of  making  steel,  and  has  been  practised  by  the  Hindoos 
from  a  very  remote  period.  In  the  Hindoo  process,  a  small 
quantity  of  wrought  iron,  from  ^Ib.  to  2  lbs.,  either  in  one  lump 
or  cut  into  pieces,  is  put  into  a  crucible  of  unbaked  day,  together 
with  one-tenth  of  its  weight  of  dried  mould,  the  whole  being 
ooyered  with  one  or  two  green  leaves  and  luted  over.  From  fourteen 
to  twenty-four  of  these  small  crucibles  are  stacked  together,  when  the 
luting  is  dry,  in  the  form  of  a  dome  or  beehive,  an  opening  being 
arranged  by  vnthdrawing  one  crudble  from  the  lowest  row,  to  form 
a  firing  hole.  Fire  is  lighted  inside  the  dome  of  crucibles,  and  the 
inside  space  is  filled  with  charcoal,  which  is  also  heaped  over  the 
top.  The  fire  is  urged  by  bellows,  the  blast  being  introduced  into 
the  fireplace  by  a  day  pipe,  and  in  from  two  andahalf  to  jfour  hours 
the  operation  is  completed.  A  new  arch  of  crucibles  is  then  con- 
structed, and  the  process  goes  on  night  and  day. 

The  resulting  steel,  termed  "  wootz,"  is  obtained,  on  breaking 
open  the  crucibles,  in  the  form  of  melted  cakes,  moulded  to  the 
shape  of  the  pots.  These  cakes  are  reheated  for  several  hours  to  a 
temperature  just  bdow  their  fusing  point ;  they  are  then  allowed  to 
cool  down,  and  are  drawn  out  at  a  very  low  red  heat,  as  the  metal 
cracks  or  crumbles  to  pieces  under  the  hammer  if  an  attempt  is 
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made  to  forge  it  at  a  higher  tempeiaton.  A  foiled  har  of  wootz, 
analyzed  by  Mr.  Henry,  contained — 

Combined  oubon       1'33S  per  cent. 

Uncombined  cuboD 0-312      „ 

Total     1-645      „ 

or  nearly  the  msximnm  qnantity  that  is  fonod  in  any  metal  that 
can  he  classed  as  steel.  The  ohject  of  maldug  wootz  with  so  high 
a  percentage  of  carbon  appears  to  be  to  render  it  more  fusible,  so 
that  it  may  melt  at  the  very  moderate  temperatnre  that  can  be 
maintained  in  the  rode  little  fomaco  jnst  described ;  the  foaibility 
of  componnds  of  iron  and  carbon  increaamg  regularly  as  the  per 
centage  of  carbon  becomes  greater.  Indeed,  as  Heath  has  sng- 
geeted,  it  is  probably  foimd  necessary,  in  order  to  ensure  the  fusion 
of  the  metal,  to  employ  a  larger  does  of  carbon  than  snffices  to 
form  the  hardest  steel,  and  Uie  excess  is  subsequently  removed 
before  hammering  by  the  prolonged  exposure  of  the  cakes  of  metal 
to  the  flame. 

It  does  not  appear  that  any  mode  of  producing  a  tme  steel,  that 
is  a  melted  forgeable  Tariety  or  alloy  of  iron,  was  known  in  Eun^ 
before  the  last  century. 

B^umur,  in  1722,  published  the  fact  that  he  had  been  very 
sucoesafnl  in  makii^  ateel  by  melting  together  &om  a  quarter  to  a 
third  of  malleable  iron,  with  cast  iron  in  a  common  foi^.    Such  a 
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From  the  time  of  Huntsman  the  principal  impioyements  in  the 
crnoible  processes  of  steel  making  haye  been  that  a  small  proportion 
of  manganese,  in  one  form  or  another,  is  generally  added  to  the 
metal,  the  effect  of  which  will  be  considered  fftrther  on ;  that  the 
size  of  the  pots  has  been  increased ;  that  two,  and  sometimes  four, 
are  heated  in  each  famace,  instead  of  only  one,  and  in  many  works 
the  reg^ieratiye  gas  famace  is  now  in  nse  for  melting,  in  place  of 
the  pot-hole  fired  with  coke ;  that  very  mnch  milder,  less  fasible 
metal  is  now  often  melted;  and  that,  as  the  knowledge  of  the 
chemistry  of  the  subject  has  adyanced,  eyery  possible  mode  oi 
making  steel  in  crucibles  has,  at  one  time  or  another,  been  either 
tried  as  an  experiment  or  worked  on  a  commercial  scale. 

Thus  the  direct  melting  of  conyerted  malleable  iron  of  the 
required  degree  of  hardness,  was  the  process  of  Huntsman,  and  is 
that  still  used  at  Sheffield  for  making  best  tool  steel ;  and,  according 
to  Percy,  highly  carburetted  puddled  iron,  or  ^'  puddled  steel,"  has 
also  been  used  largely  as  a  material  for  direct  smelting  by  Erupp, 
as  well  as  by  seyeral  Sheffield  firms. 

The  plan  of  melting  soft  malleable  iron  with  carbon  is  the  old 
Hindoo  process;  a  modification  of  it,  the  production  of  steel  of 
difierent  degrees  of  hardness  by  yarying  the  proportion  of  carbon, 
was  patented  by  Dayid  Mushet  in  1800 ;  and,  in  modem  practice, 
if  the  metal  charged  into  the  pot  is  a  little  too  low  in  carbon 
to  make  steel  of  the  temper  required,  nothing  is  more  common  than 
to  add  a  small  quantity  of  charcoaL 

The  fusion  of  reduced  spongy  iron  with  charcoal  or  other  car- 
buretting  agents  is  the  well-known  Ghenot  process,  a  system  of 
manufacture  from  which  much  was  expected  when  it  was  first 
brought  forward,  between  fifteen  and  twenty  years  ago,  but  which 
does  not  appear  to  haye  proyed  a  commercial  success ;  though,  from 
a  note  in  the  '  Journal  of  the  Iron  and  Steel  Institute  for  1872,'  it 
would  seem  that  so  recently  as  1871,  it  was  still  in  use  both  at 
Glichy,  near  Paris,  and  in  Spain.  The  cost  of  labour  in  the  Ghenot 
process  is  high;  the  consumption  of  fuel  in  reducing  the  ore  to 
metallic  sponge  is  considerable ;  the  reduction  is  neyer  uniform  and 
complete ;  and  the  final  operation  of  fusion  in  crucibles  is  expensiye, 
as  the  sponge,  though  strongly  compressed  into  little  cylindrical 
blocks  before  it  is  charged  into  the  pots,  is,  weight  for  weight, 
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more  bnlky  than  oat-ap  pieces  of  compact  ixon ;  so  that  the  weight 
of  metal  got  out  of  each  pot  is  much  lees  than  in  melting  s^id 
iron,  vhild  the  cost  of  fael,  and  nearl;  all  working  expenses,  are 
eqnall;  great. 

The  fusion  of  malleable  iron  with  cast  iron  is  the  old  prooeea 
described  by  Beanmnr  more  than  150  years  ago ;  since  tlien  it  has 
lieen  frequently  employed,  and  at  the  present  time  it  is  of  all  Hie 
pot-steel  processefl  perhaps  the  moat  largely  used,  eepecialty  in 
making  the  milder  qnalities  of  ateel,  for  tires,  axles,  springs,  or 
wire.  Pnddled  iron  of  good  quality,  or  mild  Beasemer  steel  BCtap, 
is  the  material  generally  melted ;  and  manganiferons  pig  iron,  or 
spiegeleisen,  is  the  variety  of  cast  iron  preferred,  as  this  adds  at 
onoe  carbon  and  manganese. 

Hard  malleable  iron,  or  scrap  steel,  too  highly  carbnretted  to 
prodnoe  by  itself  the  variety  of  steel  to  be  made,  is  frequently 
mdted  wiUi  the  admiztnre  of  a  small  proporticm  of  oxide  of  ixon  or 
of  manganese,  in  order  to  remove  part  of  the  carbon  from  the  metal, 
and  also,  in  the  case  of  oxide  of  manganese,  to  put  manganese  into  it ; 
or  if  manganese  is  to  be  pnt  in,  without  altering  the  hardness  of  the 
metal,  oxide  of  manganese  is  added,  with  a  snfGcient  proportion  of 
spiegeleisen  or  of  charcoal  to  reduce  it  to  metal,  without  abstracting 
carbon  &om  the  steel. 

The  fosion  together  in  cracibles  of  granulated  oast  iron  and 
iron  oxide  or  iron  ore  is  the  well-known  Uohatius  process,  which, 
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oommtmicaiing  near  the  top  with  a  large  main  flue,  which  is  common 
to  a  row  of  famaces.  The  tops  of  the  famaces  are  on  a  leyel  with 
the  floor  of  the  melting  shop,  and  the  grates  are  accessible  from 
the  caye  below.  Each  famace  is  covered  by  a  square  fire-tile,  or 
quarry,  fixed  in  a  wronght-iron  frame,  from  which  a  handle  projects 
in  front.  The  famaces  are  lined  with  gromid  ganister,  a  yariety 
of  millstone  grit  that  is  fonnd  near  Sheffield,  and  is  of  great  yalne 
as  a  fire-resisting  material.  When  the  famace  is  to  be  relined, 
a  wooden  mould  is  put  into  it,  and  the  ground  material  rammed 
round. 

The  pots  almost  invariably  used  are  of  fire-clay,  mixed  with 
a  little  coke-dust,  and  sometimes  also  with  a  little  burnt  clay,  old 
ground  pots,  to  make  the  mass  more  porous,  and  thus  diminish  th^ 
risk  of  cracking.  The  mode  of  making  and  annealing  the  pots  is 
described  in  the  chapter  on  cmcibles,  page  115.  The  pots  vary 
much  in  size :  thus,  some  hold  a  charge  of  only  28  lbs.,  and  others 
from  40  lbs.  to  45  lbs.  The  present  tendency  is  towards  the  use  of 
large  pots,  holding  55  lbs.  to  70  lbs.  for  the  first  charge,  and  5  lbs. 
to  10  lbs.  less  each  time  they  are  refilled,  in  order  that  the  flux-line, 
the  level  of  the  surface  of  the  Uquid  steel,  where  the  chief  corro- 
sion of  the  pot  takes  place,  may  not  come  twice  at  the  same 
height.  When  pots  of  plumbago  or  black-lead  ware  are  used,  they 
are  frequently  made  to  hold  75  lbs.  Clay  pots  stand  from  two  to 
four  rounds,  depending  on  the  fusibility  of  the  steel  melted,  and 
black-lead  pots  about  twice  as  many.  Black-lead  pots  are,  however, 
seldom  used,  except  in  melting  the  very  mildest  qualities  of  steel, 
such  as  the  boiler-plate  metal,  for  which  Pittsburgh  has  acquired  a 
deserved  celebrity ;  steel  so  refractory  that  the  best  clay  pots  will 
soften  and  burst  at  a  heat  little  greater  than  that  required  to  render 
the  steel  liquid. 

Three  charges  or  rounds  are  melted  in  twelve  hours,  and  gene- 
rally the  melting  is  carried  on  by  day  only,  as  the  wear  of  the 
furnaces  is  much  increased  by  working  them  day  and  nighi  The 
consumption  of  coke  is  from  2|  to  3^  tons  per  ton  of  steel  melted, 
equivalent  to  from  4  to  5  tons  of  coal. 

The  preparations  for  melting  the  steel  are  commenced  by  making 
a  coal  fire  upon  the  grate  adjoining  the  annealing  grate.  The 
annealing  grate  must  be  large  enough  to.  hold  twice  as  many  pots 
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as  there  ara  meltiiig  holes  in  the  fomaoe.  If  that  number  be  ten, 
twenty  pots  are  pat  inverted  upon  the  annealing  grate,  and  the  fire 
put  down  the  spacee  between  them,  which  are  then  to  be  filled  np, 
BO  as  to  cover  the  pot  with  the  smatl  coke  riddled  from  among  the 
coke  nsed  for  melting,  and  npon  these  again  the  pot^lids  are  laid. 
This  is  done  in  order  to  have  the  pote  gently  heated  to  a  red 
heat,  ready  for  jisiag.  Each  pot  requires  a  stand  and  s  lid.  In 
form,  the  stand  is  the  frustum  of  a  cone  abont  3  inches  high ; 
and  as  apon  the  base  of  the  stand  the  pot  is  to  rest,  they  shonld 
correspond  in  size.  The  stand  is  made  of  common  fire-day, 
bnt  the  M  of  clay  the  same  as  the  pot;  it  should  be  a  little 
larger  in  diameter,  flat  on  the  nnder  side,  and  a  little  convex  on 
the  upper.  Each  furnace  has  two  stands  placed  in  the  proper 
podti(m  upon  the  grate-bars;  and  npon  the  stands  two  pots, 
covered  with  their  lids,  &om  the  annealing  grate.  Some  fir^  with 
a  little  cool,  and  soon  after  some  coke,  is  put  on ;  and  when  this  has 
bnmt  np,  sufficient  coke  to  cover  the  pots ;  when  the  famace  and 
pots  are  at  a  white  heat,  the  steel  may  be  pnt  in.  The  steel,  having 
been  broken  and  selected  for  the  intended  porpoee,  weighing  say 
34  lbs.  for  each  pot,  is  put  into  pans  of  iron  or  upon  steel  plates. 
To  charge  a  pot,  tiie  lid  is  taken  off,  and  the  lower  end  of  a  o(»iical- 
shaped  chai^er  placed  over  the  pot,  down  which  the  steel  is  gentfy 
slid.  The  lid  is  then  replaced,  and  the  other  pot  being  charged 
in  the  same  manner,  the  fomaoe  is  filled  with  coke,  and  covered. 
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2^  cwi  per  cwi  of  steel  melted  in  the  newer  fomaoes,  or  3  cwt.  of 
those  of  the  older  construction.  The  former,  6  feet  long  and  3  feet 
broad,  are  adapted  for  twelye  or  fonrteen  melting  pots,  while  the 
latter  have  a  capacity  of  only  nine.  The  gas  generators  are  of 
the  nsfial  plan  of  those  adopted  in  Styria,  with  steep  grates  and  a 
plain  grate  at  the  bottom,  and  are  worked  with  a  blast  under  the 
grate.  The  regenerators,  placed  at  right  angles  to  the  axis  of  the 
furnace,  are  of  large  capacity. 

"  The  materials  used  for  steel  making  are  forge  or  cement  steel 
ore  and  scrap,  wrought  iron  and  steel,  which  are  charged  into  the 
crucibles,  and  brought  to  a  full  red  heat  in  a  tempering  furnace, 
before  being  introduced  into  the  melting  furnace  proper.  The 
actual  time  required  for  fusion  is  about  four  hours. 

**  The  furnaces  are  lined  with  quartz  bricks  set  with  quicklime, 
and  the  fire-bridges  with  bricks  made  of  a  mixture  of  five  parts  of 
magnesite  from  Leoben  and  one  of  quicklime  burnt  in  round  kilns 
with  peat  or  brown  coal. 

*'  Crucibles  of  local  manufacture  made  of  five  parts  graphite  and 
one  of  fire-clay  are  used,  as,  although  they  stand  only  one,  or  at 
most  two  meltings,  as  compared  with  six  or  seven  in  those  of 
English  make,  the  difference  of  cost,  0  *  48  florin  as  against  4  florins, 
is  too  considerable  to  allow  the  latter  to  be  used  regularly.  The 
crucibles  are  moulded  by  hand  and  dried  in  chambers  heated  to 
between  77*^  and  104°  Fahr.,  from  twenty-five  to  thirty-days  being 
required  for  complete  drying. 

^*  The  steel  is  classified,  according  to  hardness  and  percentage 
of  carbon,  into  the  following  seven  numbers : — 

No.  1. — 1*8  to  1'5  per  cent,  of  carbon  is  the  hardest  class  of  steel,  and 
one  for  which  there  is  only  an  extremely  restricted  demand. 

,,    2. — 1*5  to  1  '3  per  cent,  of  carbon,  used  for  edge-tools,  chisels,  Ac. 

„  3. — 1  •  3  to  r  1  per  cent;of  carbon,  used  for  similar  purposes  to  No.  2, 
as  well  as  for  flies  and  sword-blades. 

„   4.— 1  per  cent,  of  carbon  is  a  tool  steel. 

,^   5.__0  •  9  per  cent,  of  carbon  is  used  for  finer  kinds  of  springs. 

^^    6. — 0' 8  per  cent,  of  carbon  is  used  for  coach  and  buffer  springs. 

^  7.— 0*7  to  0-4  per  cent,  of  carbon  is  applied  for  general  purposes, 
such  as  axles,  plates,  and  agricultural  implements. 

'*  The  forge-steel  scrap  and  other  materials  entering  into  charges 
are  all  broken  into  pieces  of  two  or  three  cubic  inches,  and  sorted 
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according  to  &actaie  into  the  different  degrees  of  hardneeB,  the 
qnalit7  being  aocniately  determined  b;  the  calorimetrio  carbon  teet, 
applied  from  time  to  time.  The  room  in  which  the  selection  takes 
place  is  provided  with  five  bins  for  forge  steel,  five  for  the  better 
classes  of  steel  wasto,  and  two  for  plato  wasto  and  spiegeleisen.  The 
mixtnree,  which  are  oarefolly  weighed  ont  into  boxes  of  the  capacity 
of  a  single  crucible  charge,  are  as  follows : — 

For  No.  1. — Best  cast-iteel  waste,  sometiniBs  with  an  addition  of  wolfram 

and  oaiboDaoeonB  matter. 
„       2.— 20  lb«.  Earge  rteel  (Nos.  1  and  2),  21  lbs.  best  steel  waste  (Nob.  2 

and  8),  2  lbs.  beet  Totdenberg  spiegeleisen. 
„        8.— 20  lbs.  forge  steel  (No.  8),  22  Ibe.  steel  waste  (Nos.  8  and  4), 

2  Iba.  of  gpiegelelMn. 
„      4.— 20  lbs.  cement  steel  (Noe.  2  and  8),  S4  lbs.  steel  waste  (Noe.  3 

and  1),  1  lb.  of  spkgeleisen. 
„       5.— 20  Iba.  of  steel  waste  (Noe.  4  and  5),  20  lbs.  'pnddled  steel, 

10  lbs.  BpiegelelBen. 
„       6.— 20  lbs.  steel  waste   (Nos.  5  and  7),  20  lbs.  of  paddled  steel, 

10  lbs.  of  white  Yordenberg  pig  iron. 
„       7.— 20  lbs.  plate  waste,  20  lbs.  puddled  steel,  10  lbs.  white  pig 

The  average  loss  in  melting  is  &om  1  to  2  per  cent,  of  the 
weight  charged.  The  hardness  is  determined  by  a  forge  test  at 
each  cast,  and  the  oorreBponding  ntambers  are  stamped  on  the 

worked  for  a  hundred 
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CHAPTER  XXIV. 

BRASS  FOUNDRY. 


A  BRASS  foundry  of  moderate  size  and  properly  designed  should 
consist  of  the  following  separate  shops : — 


Offices. 

Warehouse. 

Pattern  shop  and  pattern  store. 

Moulding  shop. 

Casting  shop. 


Dressing  room. 
Finishing  shop. 
Dipping  and  colouring  room. 
Lacquering  room. 


The  warehouse  should  be  connected  to  a  commodious  store- 
room, with  space  for  keeping  packing-cases,  and  similar  work.  The 
pattern  shop  and  pattern  store  should  be  adjacent,  if  they  are  dis- 
tinct, and  should  be  accessible  from  the  warehouse.  The  pattern 
store  should  be  lit  from  the  roof,  and  haye  plenty  of  wall  space 
provided  with  convenient  shelves.  In  the  pattern-making  shop 
a  side  light  is  desirable,  as  the  men  can  then  better  see  their  work, 
bench  marks,  fine  lines,  and  so  on. 

It  is  very  usual  for  the  moulding  and  casting  shop  to  be  all  in 
one.  This  does  tolerably  well  where  only  small  work  is  on  hand ; 
but  where  as  many  as  a  dozen  moulders  are  employed,  it  will 
generally  be  found  advantageous  to  separate  the  shops,  in  which 
case  the  floors  should  not  be  on  the  same  level ;  the  casting  shop 
floor  should  be  2  or  3  feet  above  that  of  the  moulding  shop.  By 
this  arrangement  the  men  are  enabled  to  move  the  flasks  from  the 
benches  to  the  floor  of  the  casting  shop  without  stooping.  The 
moulders  pass  the  flasks  into  the  casting  shop,  through  openings  in 
the  partitions  which  divide  the  two  shops.  The  moulding  shop 
should  therefore  be  narrow,  so  as  to  give  the  men  but  a  short 
distance  to  carry  the  flasks,  &om  the  benches  to  the  ^casting  shop 
floor.  There  should  be  ample  light,  it  should  come  from  overhead, 
and  over  the  benches  if  possible.  These  are  generally  placed  along 
the  whole  length  of  the  shop,  or  they  may  be  arranged  at  right 
angles  to  the  wall,  two  being  placed  back  to  back. 
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The  s&nd  heap  diould  be  cestrally  placed  in  the  shop,  with  a 
ahoot  £rom  the  oatside. 

The  diyiag  store  aod  core  Btove  are  in  the  moulding  ehop. 
These  are  eithw  heated  by  fiiel,  or  by  meaoB  of  steam  jackets,  the 
latter  plan  being  much  the  more  cleanly  and  conrenient.  There 
should  be  a  water  tap  and  sink  in  this  shop. 

The  casting  shop  sboold  be  of  the  same  length  as  the  moulding 
shop,  the  fnmftcee  being  arranged  on  the  opposite  side  to  the 
moolding  shop.  This  shop  most  be  well  ventilated ;  it  shonld 
have  openings  at  the  floor  level,  and  also  in  the  roof,  so  as  to 
keep  np  a  cnnent  of  air. 

Btoiea  for  coke  and  for  ashes  most  be  provided,  and  near  the 
spot  where  the  boxes  are  ponred.  There  should  be  gratings  over 
which  the  boxes  are  to  be  emptied,  the  sand  going  back  to  the 
moolding  shop  I^  an  inclined  plane. 

The  dreesiDg  room  must  be  next  to  the  casting  shop,  so  that 
all  castings  can  be  quickly  passed  in,  waghed,  cleaned,  and  dressed 
before  being  sent  to  the  warehouse,  which  should  also  be  neat  by. 
A  bench,  a  few  vices,  and  small  tools  are  all  that  is  required  in 
the  dressing  room. 

The  finishing  shop  should  be  a  large,  well-lit,  and  well-venti- 
lated  rotnu  adjconing  the  dipfung  and  colouring  rooms.  These 
latter  must  be  well  sapplied  with  water  and  aii^  and  the  north 
light  is  considered  most  suitable  for  them. 
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water  or  glycerine ;  the  glycerine  prevents  its  getting  hard  for  a 
considerable  time. 

Almost  the  only  tools  required  for  modelling  are  made  of  box- 
woody  with  yarioosly  shaped  ends.  The  handles  are  abont  six 
inches  long ;  the  sharpest  edges  are  slightly  nicked ;  the  others 
are  aU  more  or  less  blunt. 

A  horizontal  lathe  or  turning  table,  like  a  potter's  wheel,  is 
also  used  for  circular  pieces. 

A  few  nicely  planed  boards,  of  various  sizes,  are  required.  On 
these  boards  an  outline  of  scroll  or  other  work  is  drawn,  the  day 
being  placed  thereon  and  modelled. 

Clay  is  modelled  with  the  hand  and  wood  tools,  mostly  by 
pressure.  The  clay  adheres  to  wood,  or  the  turning  table,  when 
slightly  moistened,  and  requires  no  other  fixing. 

Models,  made  either  in  clay  or  wood,  and  which  are  intended 
for  immediate  use,  require  to  be  made  larger  than  the  size  given, 
by  ^  inch  to  every  foot.  Brass  castings,  under  12  inches  in  size, 
shrink  about  ^  inch  to  a  foot  in  the  mould.  Large  castings  shrink 
about  ^  inch.  For  this  purpose  it  is  best  to  construct  a  measure 
or  rule  properly  divided,  so  as  to  save  time  and  calculation. 

Should  it  be  required,  however,  to  make  a  metal  pattern  from 
the  day  or  wood,  then  the  shrinkage  will  be  double,  and  the  model 
will  require  to  be  made  ^  inch  larger  per  foot  every  way,  a  second 
measure  or  rule  bemg  required.  The  real  shrinkage  is  only -^ths,  but 
the  other  jVth  is  allowed  for  finishing.  Patterns  exactly  rectangular 
do  not  draw  well  from  the  sand ;  hence  all  patterns  should  be  made 
with  a  taper  of  at  least  i  inch  to  every  foot.  Sharp  internal 
angles  should  be  avoided,  as  they  leave  an  arris  on  the  sand,  which 
requires  mending. 

It  is  often  necessary,  in  model  making,  to  take  impressions  and 
casts  from  existing  works,  which  cannot  be  cut  up.  In  such  a  case 
an  impression  can  be  taken  from  it  in  guttapercha.  To  soften  the 
guttapercha,  either  warm  it  in  front  of  a  fire,  or  place  it  in  hot 
water,  and  knead  it  with  the  hands  to  make  it  of  an  uniform  degree 
of  pliability.  After  taking  the  impression,  place  it  in  cold  water, 
otherwise  the  guttapercha  will  contract  on  cooling. 

Stucco  is  also  used  for  this  purpose,  or  a  mixture  consisting  of 
four  parts  black  resin,  one  part  yellow  wax. 

z  2 
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For  complicated  patterns,  or  where  cores  are  required,  malt 
twelve  parte  glue,  to  wUch  add  three  parts  treacle. 

To  prerent  wood  patterns  Ijom  aheorbing  moisture  the;  should 
be  Tarnished  or  painted ;  before  use  they  should  be  polished  with 
Uack-lead,  as  that  makes  them  draw  &om  the  sand  much  more  &eely. 

Mouldings,  and  the  like,  can  be  quickly  modelled  in  long 
lengths,  by  sweeping  them  up  in  stucco,  or  other  material,  by 
means  of  a  board  cnt  to  the  required  profile,  as  is  done  in  loam 
moulding. 

A  moulding  tub  is  employed  for  small  brass  work ;  it  must  be 
rery  strong,  oonstructod  of  wood,  provided  with  sliding  bars,  and  a 
□umbei  of  1-inch  boards  with  croes-ends  the  size  of  the  moulding 
boxes. 

The  moulding  boxes  are  similar  to  those  already  described,  bat 
usually  smaller ;  wooden  cramps,  fastened  by  screws  and  nuts, 
being  made  to  clasp  these  boxes  lengthwise.  In  large  boxes  cross- 
bars are  sometimes  cast  across  them,  or  the  bars  may  be  of  wrought 
iron  cast  in. 

The  details  of  pattern  making,  moulding,  gates,  runners,  and 
other  foundry  det^,  have  already  been  so  folly  described  for 
iron,  that  it  will  be  unnecessary  to  do  more  than  briefly  notice  each 
process  in  the  brass  foundry,  except  where  any  material  difference 
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of  mending  is  a  yery  tedions  and  coetly  one.  When  the  moulds 
have  been  mended  and  finished,  with  gas  and  air  ontlets,  and  gates 
and  rmmers  for  the  inlet  of  the  metal,  the  top  and  drag  are  put 
together,  closed,  and  cramped.  The  mould  is  then  ready  to  be 
poured.  This  mould  is  called  ^'a  greennsand  "  mould,  not  having 
been  dried ;  but  if  a  fine  appearance  is  required,  the  mould  before 
being  closed  should  be  placed  in  the  drying  stove.  When  a  large 
number  of  any  article  is  required,  plate  moulding,  to  which  we 
have  already  referred  at  length,  is  very  generally  employed. 

When  an  opening,  or  hollow,  has  to  be  left  in  the  interior  of  a 
brass  casting,  a  core  is  inserted  in  the  mould.  This  consists,  as 
usual,  of  a  properly  shaped  piece  of  baked  sand,  exactly  the 
counterpart  of  the  hole  that  is  desired ;  this  is  placed  in  the  mould 
to  prevent  the  metal  or  alloy  from  running  into  the  space.  To 
keep  the  core  in  its  position  it  is  made  a  Uttle  longer  or  wider  than 
necessary,  so  as  to  have  a  bearing  to  rest  on  at  each  end.  The 
pattern  must  have  projections  on  it,  so  as  to  leave  an  impression  in 
the  sand  to  receive  the  end  of  the  cores.  Some  cores  have  only  one 
bearing,  as  in  the  case  of  xmdercut  work,  such  as  fluted  columns 
and  ornamental  scrollwork.  Innumerable  modifications  in  the 
size  and  shape  of  cores  exist  in  every-day  practice,  and  much  skill 
is  required  in  their  preparation. 

Gores  are  usually  made  in  boxes,  as  detailed  under  moulding, 
page  227.  Where  it  would  be  too  costly  to  construct  a  core-box, 
it  may  be  dispensed  with  by  moulding  the  pattern  in  sand,  and 
casting  it  soUd;  a  good  composition  for  this  purpose  is  one  of 
plaster  of  Paris  to  two  of  brick-dust,  mixed  with  water.  When 
cast  and  dry,  scrape  down  to  the  form  of  the  core. 

Gores,  like  moulds,  must  have  passages  in  them  to  allow  of  the 
escape  of  gases,  otherwise  the  casting  will  almost  inevitably  be 
spoilt  A  wire  must  be  inserted  in  the  core  to  make  such  vent,  and 
be  withdrawn  just  before  opening  the  core-box  to  remove  the  core. 
When  cores  are  large  they  are  supported  with  iron  rods,  round 
which  they  are  built  up.  To  give  consistency  to  the  sand  used  in 
making  cores  about  one-half  should  be  pure  rock  sand,  which  con- 
tains a  certain  amount  of  clay,  but  not  generally  enough,  conse- 
quently the  addition  of  clay  water  is  necessary  to  give  the  sand 
cohesiveness. 
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The  coree  mast  be  dried  in  &  etove,  at  k  temperature  not 
ezoeeding  about  400°  Falir.  When  dry  they  ahooM  be  black- 
waahed,  or  coated  with  a  mixture  of  groimd  charcoal  and  crater, 
vith  a  little  raze ;  thia  wash  must  be  dried  on  in  the  stoTe,  when 
they  are  ready  for  xae. 

In  green-sand  monlda  it  is  adnatble  not  to  insert  the  cores  till 
just  before  pouring,  so  as  to  prevent  their  absorl»ng  moistnie. 

When  a  thin  brass  casting  is  required,  the  upper  half  of  the 
mould  is  moulded  from  the  opposite  impression,  and  a  thin  packing 
jHece  of  clay  or  other  material  is  placed  between  the  two  boxes  to 
keep  them  the  required  distance  apart.  When  it  is  desired  to 
moold  small  flninwlfl,  butterflies,  leaves,  or  other  delicate  and  inbi- 
cato  objects  which  can  be  consumed  by  Are,  they  are  saspended  in  a 
box,  eoirounded  with  a  mixture  of  two  of  brick  dust  to  one  of 
plaster  of  Paris,  mixed  with  water.  This  mould  is  placed  in  a 
furnace  to  consnme  the  pattern,  the  remains  being  shaken  out  as 
&r  as  possible,  and  the  metal  poured. 

The  ail  cmdble  furnace  is  that  in  which  brass  is  usually  mdted, 
but  when  large  castings  are  made,  as  those  required  for  marine- 
engine  work,  or  for  ecclesiastical  fnmiture,  a  roTerberatory  famaoe 
will  be  found  most  suitable.  • 

Brassfouuders'  air  fomaces  are  most  frequently  sunk  below  the 
floor  level,  the  aeh-pt  being  closed  with  a  hinged  iron  grating, 
l^e  covers  for  the  furnace  top  may  be  either  of  cast  or  wrought 
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Stourbridge  day.  The  latter  are  cheaper,  bat  lees  durable  than 
the  black-lead,  and  require  to  be  carefully  hardened  by  a  gradual 
exposure  to  high  temperatures. 

In  mixing  and  pouring  brass  the  least  volatile  metal  should  be 
melted  first,  the  others  being  plunged  under  the  molten  metal  with 
tongs,  in  small  lumps,  which  must  be  hot  and  quite  dry.  The 
reason  that  the  metal  should  be  hot  is  that  it  may  remain  dry  after 
being  dried,  as  the  steam  fix)m  any  slight  moisture  on  it  when 
placed  in  the  melting  pot,  would  probably  send  the  molten  metal 
spirting  about  in  all  directions. 

Plates  LXXYII.  and  LXXYIII.  represent  an  ordinary  melt* 
ing  furnace,  but  in  large  works  this  arrangement  is  somewhat 
modified,  the  ordinary  opening  to  the  ash-pit  is  stopped  up,  and  fen- 
blast  is  admitted  under  the  furnace  bars ;  the  mouth  of  the  furnace 
stands  about  8  or  10  inches  above  the  floor.  The  fire-bars  should 
be  so  arranged,  that  on  moving  the  front  bearer  a  little  forward, 
the  front  end  of  the  bars  will  drop  down,  so  that  the  furnace  can 
be  easily  and  quickly  cleared  from  ashes  and  clinkers. 

The  fiiel  for  the  brass  furnace  is  hard  coke,  which  is  broken  up 
into  lumps  the  size  of  a  man's  fist  The  crucible  is  placed  bottom 
upwards  in  the  fire,  so  as  to  get  it  thoroughly  heated ;  it  is  then 
removed  with  the  tongs,  turned  right  side  up,  and  bedded  on  a  slab 
of  fire-clay  or  a  fire-brick,  covered  over  with  its  Ud,  and  the  fire 
neatly  banked  up  around  it.  The  metal  is  then  placed  in  the 
crucible,  the  cover  put  on  the  mouth  of  the  furnace,  and  the  damper 
is  opened  to  increase  the  draught ;  the  crucible  then  remains  until 
the  metal  is  **  down."  It  is  usual  to  throw  in  with  the  metal  some 
charcoal  dust  or  broken  glass,  which  floats  on  the  surface  of  the 
molten  metal,  and  prevents  oxidation.  In  feeding  the  metal  into  the 
crucible,  put  the  copper  or  old  brass  in  small  pieces  until  it  is  nearly 
full.  When  this  is  well  melted,  add  the  tin,  and  mix  it  well  in ; 
then  throw  in  a  few  small  pieces  of  zinc.  If  the  zinc  flares  up, 
throw  the  rest  of  it  into  the  pot,  stirring  it  in  well ;  then  lift  the 
pot  firom  the  furnace,  skim  ofif  the  dross,  and  pour  into  the  mould. 

When  placing  the  zinc  in  the  crucible,  drop  a  piece  of  borax  as 
large  as  a  walnut  into  it,  this  is  done  to  prevent  the  loss  of  zinc 
which  goes  off  in  the  fumes.  If  the  surface  of  the  hot  metal  is 
covered  by  fine  charcoal  or  borax,  which  is  prevented  from  burning* 
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by  being  ronewed,  oi  by  broken  glass,  the  loss  of  zinc  is  redooed  to 
a  miniTimmi 

If,  boworer,  Yihea  the  email  trial  pieoes  of  jdnc  are  tiirown  in, 
tibey  do  not  flare  up,  throw  on  a  little  coal  to  make  the  Are  bnsk, 
and  cover  it  orer  till  it  comes  to  a  proper  beat.  Then,  as  bo(ki  as 
the  zinc  begins  to  flare,  add  the  rest.  If  old  brass  alone  is  melted, 
no  tin  is  required,  bat  a  small  quantity  of  zinc  If  part  copper  and 
part  brass,  add  tin  and  zinc  in  proportion  to  the  new  copper,  with  a 
littla  extra  zioo  for  the  brass. 

To  prevent  volatilization,  charcoal,  or  broken  glass,  may  be 
spread  over  the  metal  whilst  being  melted. 

If  the  metal  is  poured  too  hot  the  casting  will  be  sand  homed, 
and  itfl  coloor  impaired.  The  beet  castings  are  obtained  when  the 
metal  is  at  anch  a  temperatnre  that  it  will  cool  qoiokly.  Heavy 
castings  ahould,  therefore,  be  ponred  last  The  metal  most  be 
carefolly  skimmed.  Small  work  is  ponred  vertically,  large  work 
borizontaUy. 

As  Boon  as  the  brass  is  ponred,  it  is  nsnal  to  open  the  boxes,  and 
to  sprinkle  the  castings  with  water  &om  the  rose  of  a  watering  po^ 
which  makes  the  castings  softer  than  they  would  otherwise  b& 
When  the  casting  is  completed,  let  the  fire-bars  drop,  clear  the 
fninaoe  &om  ashes  and  clinkers,  and  place  the  pot  amongst  them  to 
cool  gradoally.  In  a  well-arranged  fonndry,  where  work  requiring 
a  good  supply  of  metal  is  undertaken,  there  are  generally  three  or 
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The  usual  charge  for  a  furnace  of  this  description  is  from  50  to 
60  lbs.,  but  of  course,  when  several  furnaces  can  be  set  to  work,  a 
casting  of  greater  weight  can  be  obtained.  When,  howeyer,  a  cast- 
ing of  more  than  two  hundredweight  is  required,  it  is  preferable  on 
the  score  of  economy  to  melt  in  a  reverberatory  furnace,  as  is  done 
when  statues,  bells,  and  works  of  large  dimensions  have  to  be 
cast 

For  small  work  the  gas  blast  furnace  is  extremely  convenient 
and  economical,  it  is  also  very  clean  in  working,  and  can  be 
placed  on  an  ordinary  workshop  bench.  The  cover  and  pipe  over 
the  crucible  must  be  of  fire-clay,  as  the  most  intense  heat  can  be 
obtained  by  this  handy  little  contrivance. 

Crucible  tongs  of  various  sizes  are  employed,  they  should  be 
strong  and  weU  pinned  together,  so  as  to  hold  the  crucible  firmly. 

Drying  stoves  for  brass,  when  large,  do  not  differ  &om  those 
described  in  Chapter  XYIII. ;  when  small,  they  consist  of  small 
chambers  made  of  sheet  iron.  These  can  either  be  heated  by  a  fire 
inside,  or,  what  is  much  better  and  more  cleanly,  by  steam  jackets 
heated  with  the  exhaust  steam  from  the  engine.  Where  the  stove 
is  heated  by  a  fire  it  may  be  built  of  brick  with  iron  doors,  but  it 
must  be  constructed  entirely  of  iron  if  it  is  to  be  heated  by  steam. 
Care  must  be  taken  to  have  a  proper  outlet  for  the  steam. 
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BBONZE  UNE-ABT  WOBK — BTATDE  FOtmSINa. 

This  art  haa  for  a  long  period  been  akilfoll;  practised  in  France, 
and  both  for  design  and  execntion  the  lesnlts  obtained  b;  IVraidi 
artietB  and  foondera  are  still  nneqnalled,  it  is  scarcely  too  much  to 
say  they  are  nnapproaclied.  Daring  the  reign  of  Louis  XIV.,  alloys 
of  91  -3  copper,  1  to  2  tin,  5  to  6  zinc,  and  1  to  1  '5  lead,  were  nsed. 
Another  mixture  employed  was  82 '4  copper,  10  3  zinc,  4  tin, 
3-2  lead. 

Germany  has  produced  a  few  examples  of  really  artistic  bronze 
castings,  for  the  most  part  statnes,  the  finest  of  which,  that  of 
Frederick  the  Qreat,  with  ito  beantifal  snrronnding  figures,  at  Berlin, 
is  well  known  in  this  coontry  from  the  nomerons  casta  of  it  to  be 
found  in  our  fine-art  galleriee. 

In  England  we  are  so  accustomed  to  the  ridicnle  cast  upon  oar 
public  statues,  that  it  is  seldom  anyone  is  to  be  seen  seriously 
examining  their  details,  altboogh  a  few  certainly  deserre  something 
better  than  this  neglect  and  contempt.    But  in  almost  very  instance 
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whilst  every  effort  to  produce  a  grand  statae  or  a  noble  monument 
ends  in  a  dismal  fiEuIure,  the  time  seems  come  to  place  the  blame  on 
those  who  deserve  it ;  and  to  ask  whether  an  artist  cannot  be  fonnd 
to  design  the  fignre  of  a  man  which  will  remain  upright  without 
being  supported  by  the  voluminous  folds  of  a  cloak,  or  the  stump  of 
a  tree  growing  into  his  back ;  or  whether  it  would  not  be  wiser  to 
leave  a  bronze  casting  in  its  natural  colour  rather  than  cover  it 
with  gilt,  so  that  man,  drapery,  and  chair  formed  one  glaring,  gaudy, 
dazzling,  and  incoherent  jumble  ?  Art  alone  is  to  blame  for  such 
errors ;  it  might  perhaps  be  more  correct  to  say  the  want  of  art. 
An  artist  for  this  description  of  work  is  not  only  required  to  possess 
all  the  artistic  skill  of  a  modeller  and  sculptor,  but  must  be  possessed 
of  a  thorough  knowledge  of  the  nature  and  capabilities  of  the 
material  in  which  his  works  are  destined  to  be  produced. 

Paris  and  its  neighbourhood  contain  the  most  fiEunous  and  the 
most  successful  bronze  foundries  in  the  world,  and  anyone  who  has 
visited  that  city  must  have  noticed  the  number  of  shops  devoted 
to  the  sale  of  the  smaller  articles  of  vertu^  and  the  beauty  and 
elegance  of  their  contents.  The  permission  to  view  the  works 
&om  whence  these  objects  issue,  is  only  obtained  with  con- 
siderable difficulty,  and  the  greatest  jealousy  exists  between  the 
masters  as  to  obtaining  the  services  of  skilled  and  artistic  work- 
men, upon  whom  principally  the  £a.me  and  success  of  the  foundry 
depends. 

The  French  Bronze  works  are  usually  arranged  into  depart- 
ments, which  comprise :— 


1.  Designer's  room. 

2.  Bronze  foundry. 

3.  Chasing  shop. 

4.  Model  shop. 

5.  Marble    working     shop,    pro- 

vided   with     apparatus    for 


working  roarble  by  hand 
and  machine  tools. 

6.  Enamelling  shop. 

7.  Fitting  and  mounting  lihop. 

8.  Store-room,  and  gallery  for 

finished  work. 


M.  Ciollas  having  improved  upon  certain  old  and  well-known 
principles,  and  perfected  a  beautiful  machine  for  the  automatic 
reduction  or  enlargement  of  solid  forms,  was  enabled  to  reproduce 
any  bronze  to  any  scale,  with  perfect  accuracy  and  small  cost. 
Such  an  invention  well  deserved  the  grand  medal  it  obtained  at  the 
Paris  Exhibition,  and  is  now  largely  employed  by  French  bronze 
manufacturers,  who  can  by  its  means  provide  their  customers  with 
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oopieB  of  nearly  an;  &iiKitifl  work  of  art,  at  a  oompotatiTeljr  small 
cost 

Li  the  Foandrj,  if  the  works  •  generaU;  to  be  prodnoed  ara 
small  is  size,  the  moiUding  is  done  on  bendies,  and  the  monldera 
work  VM-d-vu  at  the  same  bench,  which  is  divided  b;  a  longi- 
tudinal partition,  provided  with  a  shelf  for  tools.  &nall  and  nnim- 
portaut  pieces  may  be  moulded  in  green  sand,  large  works  in  loam,  - 
bnt  the  greater  portion  of  general  work  is  moulded  in  dry  sand. 
The  two  sands  principally  employed  are  obtained  &om  a  [Jaoe 
callod  Fonteuay-dee-Boees,  near  Paris ;  the  one  is  a  deep-brown 
Lxuny  eand,  the  other  is  of  a  light  yellow-white  tinge.  These  sands 
are  mixed  in  proportions  carefully  regnlated  according  to  the  natnre 
of  the  work  for  whidi  they  are  intended,  and  the  mixtnre  is  redooed 
to  a  nnifcnm  fineness  by  being  passed  between  cast-iron  rollers. 
The  sand  is  then  damped  and  sifted. 

The  moulding  boxes  are  of  cast  iron,  accurately  fitted,  the  edg«8 
being  planed  tme. 

When  the  objects  are  to  be  finished  in  the  lathe  the  patterns  are 
sometimes  of  wood,  bnt  most  frequently  bronze  models-  are  made, 
and  are  tmly  finished  to  the  desired  iona.  Many  other  substances 
are  nsed  for  models,  snch  as  plaster,  wax,  fbsible  metal,  porcelain, 
and  glass. 

For  Facing  Band  a  mixture  of  potato  starch  and  charcoal  dmt, 
or  fine  white  flour,  is  nsed ;  but  charcoal  dust  is  the  &Tonrita 
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In  the  French  Fine- Art  work  the  famaoe  arrangements  are 
snch  that  the  moulds  and  cores  are  generally  dried  in  famaces 
heated  by  the  waste  heat  from  the  crucible  famaces.  The  bronze 
is  melted  in  day  cnicibles,  holding  between  60  and  70  lbs.,  with 
coke  for  fuel,  and  a  £a.n-blast.  For  large  work  an  air-furnace  is 
generally  employed. 

Best  English  or  Straits  tin,  and  very  pure  South  American 
copper,  which  latter  is  pnrified  by  liquation,  are  the  metals 
employed.  A  proportion  of  gates  and  runners  may  be  added,  but 
this  is  only  done  when  the  proportions  and  quaUty  of  their  in- 
gredients are  known,  and  no  old  bronze  guns,  old  copper  or  brass, 
or  other  material  of  unknown  and  variable  composition,  are  ever 
used,  as  it  is  considered  impossible  to  rely  upon  obtaining  a  first- 
rate  casting  from  such  uncertain  ingredients. 

The  moulds  are  placed  in  cast-iron  boxes,  which  are  placed  in  a 
naked  pii  A  reservoir  formed  of  sand  with  a  charcoal  &cing  is 
employed,  into  which  the  contents  of  the  crucibles  or  air-furnaces 
are  drawn.  This  reservoir  communicates  with  the  main  gate  of  the 
mould,  aud  as  soon  as  a  sufficient  quantity  of  metal  is  in  the 
reeery^ir.  an  iron  plug  in  the  bottom  is  remoy^,  and  the  metal  flo^ 
into  the  mould,  from  whence  the  surplus  passes  off  by  *'  rising 
heads,"  which  are  purposely  kept  small  for  fear  of  distorting  the 
casting  from  too  great  a  pressure. 

The  gas  evolved  during  the  pouring  is  fired  at  the  rising  heads 
by  a  torch. 

Bronzes  which  are  intended  to  be  coated  with  enamel,  have 
their  surfaces  specially  prepared  for  its  reception,  by  what  the  French 
artists  call  doisonne,  or  partition,  work.  This  process  is  a  some- 
what tedious  one,  and  requires  great  skill  on  the  part  of  the 
moulder.  The  outlines  of  the  design  for  the  enamel  are  described 
by  small  thin  partitions  of  bronze  projecting  upwards  from  the  main 
body  of  the  work  less  than  a  twenty-fifth  part  of  an  inch.  Thus 
the  bronze  has  its  surface  covered  with  a  network  of  fine  lines, 
and  when  the  enamel  is  baked  into  the  shallow  cells  so  formed,  the 
enamel  and  the  bronze  partitions  are  ground  and  polished  to  a 
uniform  depth. 

These  partitions  serve  two  useful  purposes,  they  describe  the 
outlines,  and  they  tend  to  hold  the  enamel  firmly  in  position. 
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In  finiahing  patterns  for  this  class  of  work,  every  irregularit;  in 
the  cells  and  partition  walls  has  to  be  cat  out,  and  great  care  is 
neoessary  not  to  injure  the  sarfiice. 

When  Boch  patterns  are  finished,  they  represent  a  considerable 
value  in  skilled  labour,  and  are  extremely  delicate,  consequently  they 
are  kept  covered  np  on  soft  coHhions,  away  from  danger  of  aocidental 
damage. 

The  foimding  of  statnea  is  certainly  a  very  ancient  bianoh  of 
the  art,  and  one  in  which  our  ancestors  held  their  own,  aa  the 
grace  and  skill  of  existing  specimena  abundantly  ieetify.  The 
inveoticm  of  the  Bamian  artists  consisted,  in  all  probability,  of 
tunning  the  metal  into  a  mould  which  contained  a  centre  piece 
or  kernel,  to  diminieh  the  thickness  of  the  metal  by  leaving  a  hollow 
space  in  the  centre  of  the  statue.  The  necessity  for  this  kernel  is 
self-evident,  for  a  solid  bronze  statue  would  be  most  costly  and 
cumbersome.  Besides,  unless  the  statue  is  very  light  it  would  in 
many  cases  be  nnable  to  stand.  A  rearing  horse,  for  instance,  could 
never  be  upheld  by  ita  hind  legs  if  the  whole  body  was  composed 
of  solid  metal ;  and  to  lessen  the  weight  that  would  otherwise  bend 
and  break  so  slender  a  support,  it  is  not  only  necessary  that  the 
horse  should  be  hollow,  but  it  must  be  as  light  as  skilled  workman- 
ship can  render  it  Since  the  day,  therefore,  of  the  Sunian  artists 
down  to  the  present  day,  it  has  been  the  constant  effort  of  bronze 
monlders  to  lessen  the  thickness  of  their  statues  by  increasing  the 
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the  finished  statuette.  This  outline  or  '*  core/'  must  be  coated 
up  with  wax  to  make  up  the  deficient  ^  inch.  This  mucK  might 
be  accomplished  by  an  ordinary  workman,  but  for  the  rest  the 
services  of  the  artist  are  indispensable.  With  great  delicacy  of  touch 
he  must  work  up  the  likeness  and  texture  of  his  subject  on  the  wax ; 
in  &ct  the  expression,  the  minute  lines,  all  the  details  of  the 
artist's  conception,  must  be  executed  in  this  wax,  and  it  will  be 
seen  at  once  that  he  alone  is  competent  to  carry  this  out  satis- 
fitctonly.  Were  it  done  by  anyone  else  it  would  be  at  the  best  but 
a  copy  of  the  statuary's  conception. 

The  portrait  completed,  five  or  six  pieces  of  wire  must  be  pushed 
through  the  wax  into  the  sand  outline  or  core.  It  is  now  necessary 
to  coat  over  the  wax  with  liquid  sand,  applied  most  carefully  with 
a  fine  hair-brusL  When  a  few  coats  of  this  sand  have  been  made 
to  adhere  to  the  wax,  the  statuette  is  surrounded  by  an  iron  frame, 
and  the  frame  is  filled  up  with  sand  mixture.  The  frame  is 
generally  about  twice  the  size  of  the  statue.  When  all  is  ready, 
this  frame  is  removed  with  its  contents  to  a  warm  place,  so  that  the 
water  may  evaporate  from  the  sand  and  the  latter  gradually  consoli- 
date. Holes  must  then  be  cut  at  one  end  through  the  outer  sand 
casing  to  the  wax ;  after  which  the  frame  is  subjected  to  the  baking 
process  in  a  hot  oven.  The  wax  of  course  melts  and  runs  out  of 
the  small  perforation,  leaving  a  space  between  the  inner  core, 
maintained  in  its  position  by  the  wires  mentioned  above,  and  the 
outer  mould,  which  latter  bears  the  £Edthfnl  impression  of  the 
modelling  bestowed  on  the  wax.  The  holes  through  which  the 
wax  escaped  are  now  used  for  the  purpose  of  introducing  the  molten 
bronze.  The  metal  poured  in  rapidly  fills  the  space  once  occupied 
by  the  wax,  and  the  work  is  done.  When  the  metal  has  had  time  to 
cool,  the  artist  anxiously  breaks  the  sand  casing  away  to  disentomb 
his  work.  Sometimes  a  successful  result  awards  his  pains,  but  the 
work  is  often  a  fEulure.  The  metal  has  not  perhaps  filled  all  the 
sharper  and  smaller  crevices  in  the  mould,  or  the  presence  of  damp 
has  impeded  the  process,  or  again,  the  escape  of  various  gases  has 
split  the  mould;  and  thus  the  whole  work  is  in  one  moment 
destroyed  and  must  be  conmienced  from  the  very  first  stage. 

On  the  other  hand,  the  method  now  pursued  is  mare  scientific, 
involves  less  risk,  and  is  consequently  less  expensive,  though  it  is 
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still  neoeBsary  to  ezenase  the  greatest  akill  and  Jndgmflst.  The 
sculptor  need  only  produce  bia  conception  in  pketer,  and  vhen  this 
is  finished,  hand  it  over  to  the  foonder,  who  can  undertake  the  rest 
of  the  work  without  any  asaistance  from  the  sculptor.  The  plaster 
model  is  forthwith  imbedded  in  the  sand  contained  in  an  iron  tnmo 
or  moulding  box.  Thus  safely  laid  out  in  a  soil  bed,  the  WOTkman 
begins  what  is  called  piece-moulding.  Taking  a  smaU  section  of  the 
statue,  he  foroee  the  sand,  by  utriking  it  gently  with  a  mallet  into 
erery  fissure  and  orayice,  and  thus  obtains  an  accurate  impressitm 
of  that  part  of  the  model  on  which  be  has  been  working.  Having 
completed  one  piece  he  proceeds  with  another,  till,  hj  putting 
the  pieces  together,  he  can  cover  that  part  of  the  statue  which  is 
exposed  out  of  the  sand-box.  The  model  is  then  lifted  ttom  its  bed, 
turned  round,  impressions  taken  of  the  other  mde,  and  when  this  is 
completed  the  model  can  be  removed  uninjured. 

The  pieces  of  sections  of  the  sand  having  the  impressions  of  the 
model  are  fitted  together  in  their  relative  Beatings  within  the  two 
halves  of  the  mould-box.  The  mould  being  removed,  we  have, 
as  it  were,  two  sand  inversions,  one  representing  the  right  and 
the  other  the  left  side  of  the  statue.  The  moulder  then  proceeds  to 
make  in  the  impress,  a  core  or  facsimile,  only  a  little  smaller  in 
size,  BO  that  when  this  is  placed  within  the  mould,  there  should 
remain  all  round  a  margin  between  the  mould  and  the  core 
equal  to  about  -^  inch  in  thickness.    The  core  and  the  pieces 
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of  an  inspiration  which  may  never  be  repeated,  remains  unaltered. 
A  new  mould  may  be  taken  from  it,  and  the  second  cast  prove  a 
success.  The  statue  may  thus  also  be  reproduced  as  often  as  desired ; 
while  with  the  old  process  the  artist's  work  was  carried  away  for  ever 
as  the  wax  melted,  and  if  the  cast  proved  a  fidlure  there  was  no 
bnger  any  record  remaining  of  the  work  done  and  lost 

The  process  of  piece-moulding  is  largely  employed  at  the 
foundry  of  Messrs.  H.  Young  and  Co.,  London,  and  to  this  firm  we 
are  indebted  for  the  production  of  some  of  the  best  modem  fine-art 
castings.  The  beautiful  lamp  standards  which  adorn  the  Albert 
Embankment,  on  the  river  Thames^  are  notable  specimens  of  their 
skill* 


2  ▲ 
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CHAPTEE  XXVI. 


BEUi  FOUHDDIO. 

Thb  maaa&ctnre  of  bells  dates  from  a  very  early  period ;  ohnzoh 
bells  were  certainly  in  use  in  England  in  Uie  leign  of  King  Egbert, 
as  the  pneets  vete  ezpresely  commanded  to  ring  them  at  certain 
hours.  According  to  Stowe,  bells  were  first  oast  in  Englaitd  by 
Tniketel,  AbbotofCroyland,Ghancellorto  Edmund  I.;  and  the  first 
tuiable  set  were  put  np  in  Croyland  Abbey,  about  960. 

In  early  times  bell  founding,  like  most  of  the  nsefol  arts,  was 
carried  on  by  the  monks ;  when,  however,  it  became  a  regular  trade, 
many  of  the  foondets  carried  on  their  vocation  by  journeying  from 
place  to  place,  and  eaating  bells  quite  close  to  the  position  they 
were  intended  to  occapy. 

It  is  improbable  that  any  bells  now  remain  in  this  ooantry  of 
date  prior  to  the  fourteenth  century,  and  of  the  most  ancient  of 
these  the  age  can  only  be  approximately  ascertained,  as  the  custom 
of  pladng  a  date  and  inscription  on  bells,  which  is  now  almost  uni- 
versal, only  commenced  in  the  sixteenth  century. 

The  very  old  b^  expand  more  gradually  from  crown  te  rim 
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Before  the  Beformation  it  was  nsaal  to  cast  some  leligioas  in- 
vocation on  the  bells ;  that  custom  was  replaced  by  the  fotmders 
placing  their  trade  marks,  or  some  short  sentiment  or  terse,  upon 
the  bells,  either  with  or  without  a  date. 

The  chief  reason  why  so  few  bells  of  early  date  are  now  to  be 
found  in  England  is,  that  during  the  Civil  Wars  very  many  were 
removed  from  the  churches  to  be  cast  into  cannon ;  another  reason 
is,  that  it  is  usual  to  remove  and  destroy  old  bells  for  the  sake  of 
their  metal,  when  new  ones  are  required. 

The  largest  bells  are  to  be  found  in  Bussia ;  that  which  was 
cast  in  Moscow,  in  1786,  is  said  to  have  weighed  250  tons,  and  the 
value  of  the  metal  contained  in  it  was  estimated  at  considerably  over 
66,0002.,  much  gold  and  silver  having  been  thrown  in  as  votive 
oflferings  by  pious  people.  This  bell  was  broken  the  year  after  it 
was  cast;  another,  weighing  about  110  tons,  was  cast  in  1817, and 
three  other  smaller  ones  have  since  been  added. 

No  bell  at  all  approaching  these  in  size  exists  in  England; 
"Big  Ben,"  which  was  cast  for  Westminster,  in  1856,  weighed 
15  tons  8  J  cwt.,  and  this  being  cracked,  was  replaced  in  1858,  by 
one  about  2  tons  lighter. 

"Big  Ben"  was,  and  its  successor,  "St.  Stephen,"  is,  the 
largest  bell  in  England.  "Big  Ben"  was  so  named  after  Sir 
Benjamin  Hall,  then  Chief  Commissioner  of  Works ;  it  was  cast  at 
Houghton-le-Spring,  Durham^  by  Messrs.  Warner,  at  an  expense  of 
3344?.  The  alloy  used  was  composed  of  22  parts  of  copper  to  7 
parts  tin.  Its  diameter  was  9  feet  5^  inches ;  height,  7  feet  10  J 
inches.    The  clapper  weighed  12  cwi 

In  October,  1857,  it  was  discovered  that  "Big  Ben"  was 
cracked ;  it  was  consequently  removed  and  broken  up.  A  new  bell 
was  cast  by  Messrs.  Mears  with  the  same  metal.  This  bell,  called 
"  St.  Stephen,"  weighs  13  tons  10|  cwt. ;  its  diameter  is  9  feet 
6  inches ;  its  height,  7  feet  10  inches ;  the  clapper  only  weighs 
G  cwt.,  about  half  the  weight  of  the  former  clapper. 

This  bell  was  struck  for  the  first  time  on  the  18th  November, 
1858,  and  less  than  a  year  elapsed  before  it  also  was  found  to  be 
cracked.  The  note  of  the  bell  is  E  natural,  the  quarter  bells  being 
G  B  E  F,  the  weight  of  the  fourth  quarter  bell  being  4  tons. 

Many  bells  have  been  successfully  cast  abroad,  closely  approach- 
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ing  the  wei^ts  of  "  Big  Ben  "  and  "  BL  Stephea,"  bat  in  England, 
except  tlie  bell  at  York,  which  ireighs  10  tons  15  cwt,  the  next 
largest  is  scarcely  half  the  weight  of  "  Big  Ben,"  and  the  bell  <A 
St.  Paul's  Cathedral  only  wei^is  5  tons  4  cwt. ;  Ihis  was  caat  as 
early  aa  1716,  it  is  10  feet  diameter,  the  clapper  weighs  180  Ibe. 
As  the  two  bells  at  Westminster  may  be  looked  upon  as  decoded  and 
costly  failures,  it  wonld  appear  that  the  art  of  bell  fbnnding  on  a 
larffe  lodU  is  not  so  well  understood  in  England  as  it  is  on  the 
Continent,  and  it  is  certain  that  in  many  instanoes  little  or  no 
attention  is  paid  to  the  mnsioal  tone,  for  except  wb^^  the  bells  are 
arranged  in  regular  peals,  ^oroh  belle  in  England  are  ftlpwwt  tini- 
Tersally  clanging,  monot(ntoa^  nuisances :  fortonately,  th^  are 
nsoally  so  badly  designed  that  their  noise  does  not  reach  far.  It  is 
not  our  object,  howerer,  to  enlarge  upcm  the  artistic  merits  of  bells, 
except  in  so  far  as  they  may  be  dependent  npon  tiie  form  of  the  bell, 
and  the  nature  of  the  alloy  of  which  they  are  cast 

hi  the  list  of  alloys  need  for  bell  casting,  and  for  other  instni- 
menta,  anch  as  gongs,  and  cymbals  intended  to  give  forth  aonnd, 
it  will  be  seen  that  the  chief  ingredient  is  copper,  to  which  tin  is 
added,  in  proportions  which  vary  according  to  the  tone  required, 
for  upon  the  Utter  metal  depends  the  peculiar  tone  of  the  casting. 

In  1857,  K  B.  Denison  read  a  paper  on  the  "  Great  Bell  of 
Westminster,"  at  the  Boyal  InstitutioQ,  in  which  he  ^re  the 
reenlte  of  nnmerons  experiments  on  tiie  shape  of  bells,  and  the 
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portanoe;  foreign  bells  are  usually  higher  than  English  ones,  which 
vary  from  two-thirds  to  three-fourths  the  diameter,  although  there 
are  some  higher  ones ;  the  vertical  height  inside  of  the  bells  at 
Westminster  is  ^  of  the  diameter. 

In  a  bell  of  the  usual  proportions  the  thickness  of  the  upper  or 
thin  part  is  one-third  of  the  sound  bow,  or  thickest  part.  As  to 
the  thickness  of  the  sound  bow  itself,  which  is  often  spoken  of 
simply  as  the  thidknesa  of  the  bell,  large  bells  of  a  peal  are  some- 
times made  as  thin  as  -^th  of  the  diameter,  and  the  small  ones  as 
thick  as  iVthof  the  diameter;  the  most  effectiye  proportion  is  from 
D  D 
12  *^  13  • 

In  casting  peals  of  bells  it  is  necessary  to  take  rather  a 
wider  range,  in  order  to  preyent  the  treble  being  so  small  and 
weak  as  to  be  oyerpowered  by  the  tenor,  though  care  must  be  taken 
not  to  run  into  the  opposite  extreme,  and  make  the  large  bells  too 
thin. 

The  thickness  of  the  Westminster  bell  (''Big  Beai")  was 
9|  inches,  or  about  ^^th  the  diameter,  9  feet  5^  inches ;  the  waist 
was  3i  inches,  or  one-third  of  the  sound  bow ;  the  width  at  the  top 
inside  was  one-half  the  width  at  the  mouth. 

In  calculating  the  sizes  of  bells  to  produce  particular  notes,  and 
assuming  that  eight  bells  are  made  of  similar  material,  and  their 
sections  exactly  similar  figures,  in  the  mathematical  sense,  they 
will  sound  the  eight  notes  of  the  diatonic  scale,  if  all  their  dimen- 
sions are  in  these  proportions :  60,  53^,  48,  45,  40,  36,  32,  30, 
which  ate  merely  conyenient  figures  for  representing  the  inyerse 
proportions  of  the  times  of  yibration  belonging  to  the  eight  notes 
of  tiie  scale.  So  that  if  it  is  required  to  make  a  bell  a  fifth  aboye 
a  given  one,  it  must  be  two-thirds  of  the  size  in  every  dimension, 
unless  it  is  intended  to  vary  the  proportion  of  thickness  to  diameter, 
for  the  same  rule  then  no  longer  holds,  as  a  thinner  bell  will  give 
the  same  note  with  a  less  diameter. 

The  reason  is,  that  according  to  the  general  law  of  vibrating 

plates  or  springs,  the  time  of  yibration  of  similar  bells  varies  as 

i'Viiokness 

2.    When  the  bells  are  also  completely  similar  solids,  the 

diameter 

thickness  itself  varies  as  the  diameter,  and  then  the  time  of  vibra- 
tion may  be  said  simply  to  vary  inversely  as  the  diame'  ar. 
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The  weigbta  of  bells  of  siiiular  figoiee  vtujaB  the  cabea  of  tfa«tr 
diftmeters,  and  may  be  tsmrlj  enough  tepresented  b^  ihe  figures 
216, 152,  no,  91,  64,  46,  33,  27.  The  exact  tune  of  a  set  of 
belle,  aa  ihey  come  OQt  of  the  moulds,  is  a  secondary  oonaidention 
to  their  tone  or  qnality  of  soond,  beoanse  the  notes  can  be  altered 
a  little  eithor  vmy  by  ontting,  bnt  the  qnali^  of  the  tone  will 
remain  the  same  for  ever ;  except  that  it  gets  louder  for  the  fiist 
two  or  three  years  that  the  bell  is  used,  probably  from  the  putides 
arranging  tbemselree  more  completely  in  a  cryetsUine  order  onder 
the  hammering,  aa  is  well  known  to  take  place. 

The  designing  of  bells  is  legnlated  by  certain  fixed  mlea, 
derived  from  experience,  and  whidi  are  handed  down  &om  one 
generation  of  bell-foandera  to  another;  ac«ne  makers  have  their 
own  peculiar  mixtoree  of  metal  and  design  of  bell,  to  which  they 
attach  partioolar  importance  and  secrecy,  bat  it  is  donbtfol  whether 
any  real  adrantage  has  been  attained,  either  in  tone  or  dural»lity, 
by  any  of  these  secret  procesBee,  aa  compared  with  bells  carefiilly 
designed  and  oast  with  proper  [vecautions,  and  a  thoroughly  good 
metal,  on  the  ordinary  plan. 

The  weight  of  the  clapper  for  "  Big  Ben  "  was  much  greater  than 
nsnal,  in  proportion  to  tiie  weight  of  the  bell ;  whether  it  waa 
wise  to  de^gn  it  so,  or  not,  is  a  qneetion  which  ia  not  easy  to  decide, 
bnt  in  the  next  bell,  "  St.  Stephen,"  the  ola|^r  was  only  made  half 
ihe  weight     The  reasons  given  for  its  unusual  size,  are  that  it 
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a  small  bell  of  a  few  hundredweight  will  sound  almost  the  same 
note  as  one  weighing  several  tons,  at  a  short  distance  the  somid 
becomes  thin  and  poor,  and  is  inaudible  bng  before  the  larger 
bell,  if  the  latter  be  properly  designed.  As  an  example  of  tins 
may  be  cited  the  29-cwt.  bell,  which  was  exhibited  in  1851 ;  it  was 
hemispherical  in  form,  and  sonnded  nearly  the  same  note  as  *'  Big 
Ben,"  and  yet  it  could  not  be  heard  so  fiar  as  a  3-cwt.  bell  of  the 
nsnal  and  correct  form.  And  a  Chinese  gong,  which  also  gives  a 
deep  note  and  a  lond  noise,  can  only  be  heard  at  a  comparatively 
slight  distance,  showing  with  what  a  small  weight  of  metal  deep 
tones  can  be  obtained,  although  it  is  tme  that  a  gong  differs 
from  a  bell,  because  it  can  only  be  roused  into  full  vibration  by 
a  repetition  of  soft  blows.  In  casting  gongs,  4  copper  to  1  of 
tin,  they  are  allowed  to  cool  suddenly,  the  metal  is  then  rendered 
malleable;  but  the  art,  simple  as  it  would  appear,  of  making 
good  gongs  appears  to  be  possessed  by  the  Chinese  alone. 

The  usual  mode  of  hanging  large  bells  is  to  cast  six  ears  or 
loops  on  the  top  or  crown  of  the  bell ;  these  are  called  canona^ 
through  which  iron  hooks  and  straps  are  put  to  fasten  the  bell  to 
the  stock. 

Small  bells  may  be  hung  quite  securely  by  a  single  canon,  or 
plug  with  a  hole  in  it,  Uke  a  common  hand-bell. 

l)his  method  of  hanging  by  canons  is  objectionable  no  doubt,  as 
they  must  always  be  the  weakest  part  of  the  casting,  from  being 
nearest  the  top ;  and  in  practice  it  is  found  that  they  frequently 
break,  and  have  to  be  replaced  by  iron  bolts  put  through  holes 
drilled  in  the  crown.  It  is  also  difficult  to  turn  the  bell  in  the 
stock,  to  present  a  new  sur&ce  to  the  clapper  when  it  is  worn  thin 
in  one  place.  These  disadvantages  were  avoided  in  the  West- 
minster bells,  by  casting  on  a  very  short  thick  hollow  neck  with  a 
strong  flange  round  the  top,  which  could  be  fastened  to  the  stock 
by  bolts  with  hooked  ends.  By  this  arrangement  the  bell  is 
held  by  a  large  section  of  its  own  metal,  and  can  at  any  time  be 
shifted  round  by  slackening  the  bolts.  If  a  clapper  is  to  be  used, 
it  can  be  hung  upon  a  separate  bolt,  passing  through  the  hole  in 
the  neck,  and  through  the  stock,  and  secured  above. 

When  only  clock  hammers  are  employed  to  strike  on  bells,  the 
wear  is  so  small,  that  the  facility  for  turning  the  bells  is  of  secondary 
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importance.  Bnt  this  plan,  whicli  waa  designed  by  Hr.  DaniscKi^ 
has  the  great  lecommendationof  strength,  and  would  probably  have 
been  largely  adopted  but  for  the  loss  of  the  emunu,  whidh  are 
resided  by  the  fonndeiB  as  an  omamental  finiah  to  bells,  upon 
which  they  rather  pride  thamselree. 

The  following  ia  a  Hst  d*  Beveral  of  the  largest  beUs  known, 
the  wei^ta  of  the  two  Boaaian  bells  an  not  OTer-efltinuted,  tot 
the  tbit^eaa  and  height  are  well  known,  and  there  are  Bereial 
other  bells,  mentionfld  in  works  on  Boasia,  all  of  great  m^t, 
from  whidi  it  appears  that  the  BnasianB  hare  snrpaaaed  all  other 
nationa  in  the  magnitade  of  their  scale  of  bell  founding.  Hany 
la^  bellB  we  also  known  to  exist  in  China,  bnt  thsy  are  of  a 
totally  different  fonn,  and  no  rehable  informatioii  exista  &om  which 
to  give  details  of  their  oompoaition  and  mode  of  oonstmotion. 

Tabli  XIX. — Lor  or  IiAbos  Bclu. 
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Oonceming  the  composition  of  bell  metal,  it  is  well  known  to 
consist  of  from  5  to  3  of  copper  to  1  of  tin;  experiments  haye 
been  made  to  ascertain  whether  there  is  any  other  metal  or  alloy 
which  wonld  answer  better,  or  as  well,  and  cheaper.  The  metals 
that  haye  been  suggested  are  altuninnm,  either  pnre  or  alloyed 
with  copper;  cast  steel;  nnion  metal,  consisting  of  iron  and  tin, 
and  perhaps  glass,  might  be  added.  The  first  is  at  present  quite 
out  of  the  question,  as  it  is  enormously  expensiye.  Steel  bells, 
though  they  might  be  made  cheaper  than  in  bell  metal,  are 
exceedingly  harsh  and  unpleasant  in  tone.  Much  the  same  may 
be  said  of  the  iron  and  tin  alloy,  of  which  there  was  a  large  bell 
in  the  Exhibition  of  1851.  It  is  scarcely  necessary  to  refer  to 
glass,  because  its  brittleness  is  enough  to  disqualify  it  for  use  in 
bells ;  but,  besides  that,  the  sound  is  yery  weak,  compared  with  a 
bell-metal  bell  of  the  same  size,  or  eyen  the  same  weight,  and  of 
course  much  smaller. 

As  regards  silyer,  that  is  a  purely  poetical  and  not  a  chemical 
ingredient  of  bell  metal;  there  is  no  foundation  whateyer  for  the 
yulgar  notion  that  it  was  conmionly  used  in  old  bells,  nor  the 
least  reason  to  belieye  that  it  would  do  any  good.  This  may  easily 
be  judged  of  from  the  tack  that  a  silyer  cup  makes  a  rather  worse 
bell  than  a  cast-iron  saucepan. 

Dr.  Percy  cast  seyeral  small  bells  of  yarious  alloys  with  the 
following  results : — 


Iron,  95  TKot  so  good  as  copper  and  tin  aUoy  either  in 

Antimony,  5  \    tone  or  strength. 

A  very  hard  alloy,  capable  of  a  fine  polish,  bat 
more  brittle  than  beU  metal,  and  inferior  in 
sound  even  to  the  iron  alloys. 

This  exceeds  beU  metal  in  strength  and  tough- 
ness, and  polishes  like  gold,  but  for  tone  it 
will  not  stand  against  bell  metaL 


Copper,  88-65 
Phosphorus,  11*35 

Coppcar,  90-14 
Aluminum,  9*86 


i^  /This  makes  a  better  beU  than  the  last-named 

^^^^^  \    alloys,  but  very  inferior  to  beU  metal. 

M.  8te.  G.  Deyille,  of  Paris,  cast  a  bell  of  pure  aluminum;  in 
form  it  was  a  reproduction,  on  a  small  scale,  of  the  Westminster 
bell,  reduced  to  6  inches  diameter;  the  surface  was  turned,  and 
every  care  taken  to  produce  as  perfect  an  aluminum  bell  as  possible ; 
but  this  proved  to  be  quite  as  objectionable  in  tone  as  any  of  the 
alloys  above  named,  whilst  of  course  the  cost  would  have  put  the 
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metal  out  of  the  qoeaticHi  ocHiuiieiciallj,  evea  if  it  had  given  a 
good  musical  reeolt. 

Eavisg,  therefore,  brought  the  subject  back  to  the  copper  and 
tin  alloy  as  the  beet  Buited  for  bells,  the  starting  point  for  farther 
inquiry  is,  what  are  the  beet  proportions  to  nee  in  order  to  obtain 
the  strongest,  clearest,  and  best  sonnd  possible  P 

They  have  varied  from  something  lees  than  8  to  something 
more  than  4  of  copper  to  1  of  tin,  even  disregarding  the  bad 
bells  of  modem  timee,  some  of  which  contain  no  nuire  tJiian  10  per 
cent,  of  tin,  and  no  less  than  10  per  cent  of  zinc,  lead,  and  inHi 
adulteratioas.  TTpon  trial  it  was  found,  however,  that  the  beet 
metal  for  the  purpose  is  that  which  has  the  highest  specdfio 
gravity  of  all  the  miztnres  of  copper  and  tin.  Copper,  as  now 
smelted,  will  not  carry  so  mnoh  tin  as  the  old  copper  did  withoot 
making  the  alloy  too  brittle  to  be  safely  used.  The  3  to  1  alloy, 
even  when  melted  twice  over,  had  a  conchoidal  fracture  like  glasB, 
and  was  very  mnch  more  brittle  than  22  to  7  twice  melted,  or 
7  to  2  once  melted.  The  metal  nsed  for  the  Westminster  bells 
was  22  to  7  tvice  melted,  or  24 '  1  of  tin  and  75  *  86  of  copper. 

This  22  to  7  mixture,  or  even  8^  to  1,  which  is  probably  the 
beet  proportion  to  nee  for  bells  made  ai  one  melting,  is  a  much 
'*  higher  "  metal  than  the  modem  bell-founders,  either  English  or 
French,  generally  use.  As  there  is  no  great  difference  in  the  prices 
of  the  two  metals,  the  reason  why  they  prefer  the  lower  quantity 
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It  will  be  notioed  that  in  the  WestmiBster  bell  the  specific 
grayity  was  higher  than  in  the  others,  and  it  is  considered  that 
the  specific  gravity  of  bell  metal  should  not  be  lower  than  8-7. 

Small  bells  are  generally  moulded  in  sand  from  a  metal  or 
wooden  pattern,  and  the  sand  mould  is  dried  in  a  stove.  Haying 
before  described  such  moulding,  it  wiU  not  be  necessary  to  enlarge 
here  upon  the  casting  of  small  beUs,  of  less  weight  than,  say, 
112  lbs.  The  most  important  point  in  the  art  of  bell  founding 
is  the  proper  form  to  give  a  bell  to  obtain  the  desired  tone,  which 
is  also  dependent  upon  the  metal  used. 

Large  bells  are  moulded  in  loam,  in  the  same  way  as  the  large 
pan  shown  in  Fig.  1,  Plate  XLY.  The  core  is  built  in  brick 
on  an  iron  platform,  which  must  have  nugs  in  case  the  mould  is 
made  above  ground.  This  brick  core  is  covered  vnth  |  inch 
or  1  inch  thick  of  hair-loam,  and  the  last  surfisu^  washing  is 
given  by  a  finely  ground  composition  of  clay  and  brick-dust. 
This  latter  is  mixed  with  an  extract  of  horse-dung,  to  which  is 
added  a  little  sal-ammonia.  Upon  the  core  the  ''thickness" 
is  laid  in  loam-sand,  but  the  thickness  is  again  washed  with  fine 
clay  to  give  it  a  smooth  surface.  Ornaments  which  have  been 
previously  moulded,  either  in  wax,  wood,  or  metal,  are  now  attached 
by  means  of  wax,  glue,  or  any  other  kind  of  cement.  If  the 
ornaments  are  of  such  a  nature  as  to  prevent  the  lifting  of  the  cope 
without  them,  for  the  cope  cannot  be  divided,  the  ornaments  are 
fastened  to  the  thickness  by  tallow,  or  a  mixture  of  tallow  and  wax. 
A  little  heat  given  to  the  mould  will  melt  the  tallow,  after  which 
the  ornaments  adhere  to  the  cope,  from  which  they  may  be  removed 
when  the  cope  is  lifted  off  the  core.  The  thickness  must  be  well 
polished ;  and,  as  no  coal  can  be  used  for  parting,  the  whole  is 
slightly  dusted  over  with  wood  ashes.  The  parting  between  the 
core  and  the  thickness  is  also  made  with  ashes.  The  cope  is  laid 
on  at  first  by  means  of  a  paint-brush,  the  paint  consisting  of  clay 
and  ground  bricks,  made  thin  by  horse-water.  This  coating  is  to 
be  thin  and  fine ;  upon  it  hair-loam,  and  finally  straw-loam  is  laid. 

The  crown  of  the  bell  is  moulded  over  a  wood  pattern,  after  the 
spindle  is  removed.  The  iron  or  steel  staple  for  the  hammer  is  set 
in  the  core,  into  the  hoUow  left  by  the  spindle.  It  projects  into 
the  thickness,  so  as  to  be  cast  into  the  metal  The  facing  of  the 
mould  ought  to  be  finished  when  the  cope  is  lifted  off.    Small 
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defects  may  occur,  and  are,  if  not  too  lai^,  left  as  they  ore ;  tho 
excess  of  metal  in  those  plaoee  is  chiselled  off  after  the  bdl  is  oast. 
AH  that  can  be  done  in  polishitig  the  &cing  of  the  mould  is  to  give 
it  a  onifiram  dnsting  of  aahee.  When  the  mould  ia  perfectly  dry, 
it  is  pi^  together  for  casting.  The  core  may  be  filled  with  sand, 
if  preferred,  bat  there  is  no  harm  done  if  it  is  left  open;  for  bell 
metal  does  not  generate  much  gas,  and  there  ia  no  danger  of  an 
ex[docdon.  The  oope  is  in  some  measure  secored  I7  irtm,  bat  its 
ehief  security  is  in  the  strong,  well-rammed  sand  0!  the  pit.  The 
cast-gate  is  on  the  top  of  the  bell,  mther  on  the  crown,  or,  if  the 
latter  is  ornamented,  tm  one  nde  of  it.  Flow-gates  are  of  no  we 
here,  the  metal  must  be  clean  before  it  enters  the  mould:  there 
is  no  danger  of  snllage. 

The  mode  employed  in  casting  "  Big  Ben  "  is  thns  described : 
The  metal  was  twice  melted ;  it  was  first  mn  into  ingota  of  bdl 
metal  in  a  ocHnmon  famace,  and  then  these  ingota  were  melted 
and  mn  into  t^e  mould  &om  a  rererberatoty  fhmace.  The  ingots 
were  only  in  the  rererbeiatory  fdmace  2^  hours  before  the  metal 
was  reedy  for  ronning,  and  the  whole  axteen  tons  were  nm  into 
the  mould  in  five  minutes,  quick  running  being  considered  <M«ftntml 
for  the  production  of  a  sound  casting.  In  the  moulding  Meeara 
Warner  proceeded  in  a  different  way  &om  that  usually  adopted. 

First  of  all,  a  hollow  core  iros  built  of  bncks  and  straw  and 
clay,  and  made  to  fit  the  inside  of  the  bell  by  being  swept  over 
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again,  and  the  metal  is  poured  into  the  cavity  preyionsly  occupied 
by  the  day  bell.  This  is  a  somewhat  tedious  process,  and  one  by 
no  means  certain  in  its  results,  as,  unless  the  greatest  care  is 
exercised  in  placing  the  cope  on  again,  after  being  lifted,  one  side 
of  the  bell  will  be  cast  thicker  than  the  other.  And  the  error  is 
of  course  multiplied,  for  if  the  cope  is  put  on,  say,  one-eighth  of 
an  inch  to  one  side,  one  side  will  be  one-eighth  too  thin,  and  the 
other  side  one-eighth  too  thick,  so  that  one  side  will  be  a  quarter 
of  an  inch  thicker  than  the  opposite  side. 

Messrs.  Warner's  plan  was  to  make  the  cope  of  iron  larger  than 
would  fit  the  bell ;  this  was  lined  with  the  casting  loam,  turned 
true  by  means  of  an  inside  instead  of  an  outside  sweep,  and  the 
junction  being  between  an  iron  plate  at  the  bottom  of  the  core,  and 
the  flange  at  the  bottom  of  the  cope,  they  could  be  fitted  together 
more  accurately  than  the  clay  core  and  cope  could  be,  and,  more- 
over, bolted  together,  so  as  to  resist  the  bursting  pressure  of  the 
melted  metal,  instead  of  having  to  rely  merely  on  the  sand  with 
which  the  pit  is  filled,  and  such  weights  as  might  be  placed 
upon  it.  The  core  and  cope  were  both  made  very  hot  before  the 
pit  was  closed  in  with  sand ;  for  that  was  necessary  to  prevent  too 
rapid  cooling,  which  makes  bell  metal  soft — indeed,  if  the  cooling 
is  very  rapid,  it  will  make  the  metal  malleable. 

The  bell  was  kept  in  the  casting  pit  twelve  days  before  the 
sand  was  taken  out,  and  even  then  the  cope  was  too  hot  to  touch, 
and  it  was  left  two  days  more  before  it  was  taken  off. 

In  reference  to  the  composition  of  the  alloy  used  in  ''Big 
Ben,"  it  is  only  just  to  state  that  the  Warners  did  not  consider 
7  to  22  correct  proportions  for  the  alloy,  and  only  adopted  those 
proportions  by  express  direction.  They  say  that  tiiey  have  never 
adopted  that  mixture  for  any  large  bells,  the  construction  of  which 
has  been  left  in  their  hands,  and  that  had  the  original  ''Big  Ben" 
been  formed  of  the  usual  mixture,  1  of  tin  to  3^  copper,  and  been 
struck  with  a  clapper  weighing  from  5  to  6  cwt.,  instead  of  one  of 
13  cwt.,  and  had  it  not  been  allowed  to  come  into  contact  while  in  a 
state  of  vibration  from  the  action  of  the  clapper  with  the  ponderous 
experimental  dock  hammer  fixed  on  the  outside,  the  probability  is  a 
second  bell  would  never  have  been  required. 

That  Warner  and  Sons  did  object  to  using  so  much  tin  in  the 
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aHaj  tat  fear  of  making  it  too  brittle,  Mr.  E.  B.  DeniBoc  admitted 
when  describing  the  bell ;  but  be  stated  his  opinion  that  if  it  'was 
properly  cast,  the  alloy  ordered  wonld  be  found  satia&ctory. 

Whether  the  fault  of  the  bell  iraa  to  be  found  in  the  com- 
poeotion  of  the  alloy,  the  wei^t  of  the  clapper,  or  the  form  of  that 
bell,  it  is  now  impoeaible  to  diaoover,  bnt  the  mannlactiiFerB  aeem  to 
hare  foreseen  some  trouble  with  it ;  and,  as  they  have  always  been 
very  anooessfnl  in  bell  casting,  it  wonld  no  donbt  have  beoLi  good 
policy  to  have  left  them  &ee  to  settle  the  proportion  of  the  metals, 
which  should  probably  vary  with  the  size  and  weight  of  the  bell 
reqnired. 

Messrs.  Warner  cast  the  fine  large  bell  for  the  Town  Hall, 
Leeds,  which  weighs  over  4  tons,  and  the  Westminster  quarter 
bells,  which  are  of  the  fiidlowing  dimensiona,  weights,  and  notes : — 


4th 

Si».              1            Wrtght 

.Vote. 

i^iii.  diameter 

M 
72 

0    21     0      0 
0    26    0      0 
0    35    1      6 
8    17    1    24 

A 

O 

P 

c 

The  follovring  scale  gives  the  average  weight  of  a  few  peals  of 
bells,  of  such  sizes  and  proportions  as  are  recommended  by  Messrs. 
Warner  and  Bona,  in  their '  Kotee  on  Bells ' : — 
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Pbaub  of  8. 


Wdgfat  of  Tenor. 

Note. 

W«fight  of  Peals. 

cwt.    qn.    lbs. 

cwt.    qra.    lbs. 

13      2      0 

G 

60      0      0 

15      0      0 

F  Bharp 

68      0      0 

17      3      0 

E 

75      2      0 

20      0      0 

E 

85      0      0 

25      0      0 

Eflat 

100      0      0 

80      1      0 

Eflat 

111      2      0 

An  article  upon  this  subject,  which  may  he  referred  to  with 
advantage,  appeared  some  two  or  three  years  since  in  Spons' 
^Dictionary  of  Engineering.'  This  showed  distinctly  the  two 
modes  of  tracing  the  outline  of  a  hell. 
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OLlUnMO  iXD  DBlBBIRa  CASllKaS, 

Thi  oaatiiig  in  fboDdzies  is  geaenll;  perfonned  id  the  after- 
noon,  80  aa  to  nuke  it  the  last  bnsinees  of  the  iaj.  This  tfane 
is  ch^y  selected  to  eeoape  the  heat  of  the  hot  sand  after  casting, 
which  will  then  oool  daring  the  night.  AAer  casting,  the  watingg 
are  temoved,  and  the  moulding  boxes  piled  in  a  comer  of  the 
building,  BO  as  to  be  band;  for  the  next  day's  work;  wat^  is 
qirinkled  over  the  sand,  it  is  then  shovelled  oTer,  mixed,  and 
i^wn  in  heaps,  where  it  reauuns  during  the  night  If  the  latter 
work  has  been  properly  perfonned,  the  sand  will  be  of  a  jnoper 
and  nnifbrm  dampness  the  next  monung.  Each  moulder  taJces 
charge  of  his  own  sand,  and  but  little  practice  is  required  to  leam 
the  proper  amount  of  water  to  be  used  in  damping  the  sand. 

When  the  metal  of  a  cast  is  so  far  cooled  as  to  be  strong 
enough  to  bear  remoral,  the  moulds  ate  taken  apart,  and  the  sand  or 
loam  istemored  &om  the  casting.  Small  castings  require  but  a  few 
minutes  to  cool,  while  heaTier  casts  take  honn  and  even  days.    A 
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fettling  shop  where  the  casting  is  roughly  prepared  for  farther 
work.  Heavy  cores,  and  particularly  hard  cores,  are  remoyed 
in  the  foundry  before  the  casting  is  entirely  cold. 

The  cleansing  of  castings  is  a  simple  operation  in  an  iron 
foundry  where  common  castings  are  made ;  any  workman  is  fit  to 
trim  a  coarse  casting,  or  scour  it.  The  first  is  done  by  means  of 
chisels  or  sharp  hammers ;  the  latter,  with  dull,  coarse  files,  which 
have  been  used  and  rejected  by  machinists.  Cast-iron  files  are 
also  used  for  the  latter  purpose.  The  trimming  and  cleansing  of 
valuable  castings,  such  as  statues  or  ornaments  of  art,  is  not  so 
easily  performed.  An  unskilful  workman  can  easily  spoil  a  whole 
casting  in  unskilfully  chipping  or  trimming  it.  This  kind  of  work 
is  therefore  generally  entrusted  to  skilled  workmen,  and  on  such 
articles  as  statues,  the  artist  himself  generally  works  out  the 
details  of  the  more  important  points. 

Grindstones  are  largely  used  in  fettling,  the  stones  beiug  a  variety 
of  sandstone  commonly  obtained  &om  coal  districts.  They  should 
be  of  a  hard,  close-grained,  sharp  quaUty,  free  from  veins,  and 
uniform  in  colour.  The  stones  are  generally  driven  by  steam- 
power,  and  when,  as  is.  frequently  the  case,  they  run  at  a  high 
velocity,  they  are  very  dangerous,  from  their  liability  to  crack 
asunder.  To  decrease  this  danger  as  much  as  possible  it  is  usual 
to  apply  rings  or  plates  of  iron  to  the  sides  of  the  stones ;  these  are 
bolted  on,  some  soft  substance,  such  as  felt,  being  placed  between 
the  heads  of  the  bolts  and  the  stones.  Dry  grinding  cuts  slowly, 
and  creates  considerable  dust,  but  leaves  a  smooth  skin.  Wet 
grinding  cuts  quickly,  and  prevents  the  grain  of  the  stone  from 
becoming  choked  with  particles  of  metaL 

Neither  files  or  grindstones  fettle  so  well  as  emery  wheels, 
which  are  formed  of  emery  of  requisite  coarseness,  mixed  with  a 
cementing  material.  Plates  LXXY.  and  LXXYI.  illustrate  three 
sizes  of  these  emery  wheels,  fitted  on  to  machine  frames  suitable  to 
the  class  of  work  they  are  intended  to  operate  upon.  They  each 
consist  of  a  main  spindle  running  in  bearings,  and  having  at  either 
end  a  grinding  wheel  and  rests.  In  the  centre  are  the  pulleys 
necessary  to  transmit  the  power  for  running  the  wheels.  The 
machines  illustrated  are  those  made  by  Slack,  of  Manchester ;  Figs.  1 
and  2,  Plate  LXXV.  being  of  one  suitable  for  light  work  and  general 
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bnaofininder's  ose ;  the  wheel  ia  12  incheB  in  diameter,  and  from 
1  inch  to  1^  inch  thick.  Fig.  3  is  of  a  very  powerM  machine, 
adapted  for  laige  castings,  such  as  the  framing  of  machinery  and 
the  like ;  the  wheels  are  36  inches  in  diameter  and  3  inches  thick. 
Figs.  1  and  2,  Plate  LXXYI.  are  of  a  machine  specially  dengned  for 
cleaning  the  teeth  of  wheels,  suitable  mechanical  arrangements 
being  made  for  the  support  and  rotation  of  the  wheel  nnder 
operation. 

The  cementiog  material  employed  in  Eansome's  emery  wheels 
is  an  insolnble  silicate,  a  snhetance  of  hardness  approaching  to  fiint ; 
and  which,  by  a  cniioiiB  chemical  process,  is  formed  within  the 
sabetance  of  the  block  or  wheel,  there  being  no  means  of  effecting 
its  direct  nse. 

This  cementing  material  ia  so  strong,  that  if  a  block  of  emery 
composition  made  with  it  be  broken,  it  will  be  foond  to  bare 
fractured  tbrongh  the  grains  of  emery,  and  not  by  pnlling  them 
ont  of  their  matrix.  It  is  so  hard  as  to  cnt  well  in  itself,  and  yet 
sufficiently  softer  than  emery  to  wear  away  faster,  and  thus  avoid 
the  glazing  otherwise  inevitable.  The  cement  being  inscJnble  in 
water,  enables  blocks  prepared  with  it  to  be  nsed  eithn  wet  or 
dry,  although  the  latter  way  is  in  most  cases  preferable. 

Small  blocks  of  consolidated  emery  may  be  used  with  great 
advantage  by  hand ;  bat  of  oonrse  the  proper  reenlt  is  obtained 
when  the  form  of  a  circular  disc  is  adopted,  and  the  same  rotated 
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it ;  the  latter  only  heats  the  metal,  makes  the  wheel  glaze,  and  often 
go  out  of  truth. 

"  Speed  has  a  great  deal  to  do  with  result ;  &om  considerable 
experience,  a  sur&ce  speed  of  4000  to  4500  feet  per  minute,  say 
1350  revolutions  of  the  spindle  for  a  12-inch  wheel,  is  recom- 
mended, although  a  thick  wheel  may  be  run  one-third  flEuster  with 
advantage,  and  good  work  may  be  got  out  of  a  slower  speed. 

'^  A  foundation  for  the  machine,  good  enough  for  dow  speeds, 
will  not  do  for  high  ones.  Any  vibration  or  tremor  while  at  work 
is  certain  to  produce  bad  results.  It  is  not  enough  to  screw  a 
spindle  firmly  to  a  bench  or  table,  the  latter  must  itself  be  firm 
and  rigid.  In  self-contained  machines,  a  good  concrete  foundation 
is  necessary ;  the  expense  will  not  be  grudged,  when  the  results  are 
compared  with  those  obtamed  from  a  machine  on  a  shaky  founda- 
tion. It  must  be  remembered,  that  a  large  amount  of  centrifugal 
force  is  developed  in  a  disc  revolving  many  hundred  times  in  a 
minute,  and  this  must  be  met  by  firm  foundations,  and  proper 
screwing  up  of  the  washers  and  side  plates.  Too  much  care  cannot 
be  taken  on  these  points." 

To  A.  and  H.  Bateman  and  Go.  are  also  due  the  subjoined 
practical  suggestions : — 

''  1.  Examine  emery  wheels  and  machinery  at  least  once  a  day. 

"  2.  Bemedy  any  defects  at  once,  and  on  no  account  go  on  work- 
ing with  anything  out  of  order.  If  a  machine  vibrates,  add  or  alter 
requisite  fittings.  If  a  wheel  is  chipped  or  out  of  truth,  true  it  with 
a  black  diamond.  This  may  be  done  while  running  at  full  speed, 
care  being  taken  to  touch  the  wheel  very  lightly.  After  trueing, 
the  wheel  will  be  dull ;  rough  it  by  running  it  against  a  piece  of 
copper,  or  a  piece  of  hard  coke.  Do  this  frequently;  it  makes 
work  pleasanter,  and  wastes  the  wheel  far  less  than  waiting  until  it 
is  very  much  *  out.' 

'^  3.  Never  let  the  spindle  jump  or  get  hot,  either  will  injure  the 
wheel  and  produce  bad  work. 

^'4.  See  that  side  plates  fit  the  spindle,  and  are  fftirly  true. 
Screw  up  firmly,  but  not  so  tight  as  to  crush  the  wheel.  Do  not 
use  too  long  a  spanner,  it  is  difficult  to  estimate  the  force  applied 
by  means  of  a  screw  and  long  lever. 

''  5.  Be  careful  to  run  the  wheels  at  about  the  indicated  speed ; 
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thej  wear  oat  qnickei  if  nm  mach  slower,  and  are  ftpt  to  go  out 
of  trnib,  and  an  nimecesmry  lisk  is  nm  if  the  speed  be  too  great. 
Awertun  the  speed  bj  means  of  a  counter.  Golcnlation  by  size 
of  pntlejB  is  not  very  reliable,  owing  to  the  difficult;  of  making 
proper  allowance  for  '  dip.' 

"  6.  If  working  with  water,  let  it  be  applied  close  to  the  work, 
throngh  a  small  orifice  in  a  pipe  under  some  pressnre,  either  from 
the  main,  or  from  an  eleratod  cistern.  The  wind  cansed  I^  the 
wheel  will  otherwise  tend  to  blow  the  water  away.  If  too  mnch  is 
nsed  it  will  fly  off  and  canae  inconvenience.  Generally,  working 
dry  will  be  foond  preferable,  but  for  tools  and  small  work  water  is 
necessary. 

"  7.  Willi  tools  and  small  work,  hold  in  tlie  right  hand  and  press 
near  the  end  with  sonie  of  the  fingers  of  the  left  band.  The 
moment  the  heat  becomes  nnoomfortable,  dip  the  work  in  water 
standing  by,  and  then  replace  it  on  the  wheel  dripping,  it  not  being 
necessary  to  dry  it.  Heat  that  will  not  hnrt  the  fingers,  will  not 
injure  the  temper  of  the  steeL 

"  8.  If  a  wheel  breaks,  nearly  if  not  all  the  fragments  will  fly 
in  the  line  of  rotation.  In  grinding,  therefore,  stand  as  clear  as 
possible  of  this  line,  to  avoid  injury  in  case  of  accident.  Bailway 
trains  sometimes  oome  to  grief.  An  emery  wheel  ronning  the 
same  speed  may  do  the  same,  bnt  will  not  with  proper  care. 

"  9.  Mount  the  wheels  with  the  washers  supplied,  and  do  not 
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the  very  large  size  of  grindstones,  and  the  great  yariation  between 
their  maximum  and  Tninimtim  size,  canses  much  inconyenienoe  to 
the  workmen.  The  size  of  emery  wheels  is  such  that  they  occupy 
but  little  space,  and  are  mounted  with  the  greatest  ease  and  speed. 
They  are  so  strong  that  they  can  be  run  at  an  immense  speed,  and 

hardness  to  a  diamond,  they  cut  much  more  rapidly  than  grind- 
stones, whose  uneven  texture  is  mainly  caused  by  round  and 
waterwom  particles  of  siUca.  While  the  stones  haye  to  be  roughed 
and  picked  from  time  to  time,  no  really  good  emery  wheel  oyer 
requires  such  treatment,  presenting  always  a  fresh,  free,  sharp- 
cutting  suriiEtce.  In  consequence  of  the  hardness  of  the  surface  and 
the  yery  high  speed,  the  work  needs  to  be  lightly  touched  to  the 
wheel,  and  the  selection  of  heayy  men  as  grinders  is  done  away 
with,  as  are  also  the  swinging  boards,  housings,  and  appliances  for 
getting  pressure.  Owing  to  the  moderate  size  of  the  wheels,  they 
can  be  easily  turned  with  diamond  tools,  and  thus  always  reyolye  as 
perfect  circles,  instead  of  becoming  eccentric  as  the  stones  do. 
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TnHimrTMR   OF  FOXTHCBma;   cost  OF  HOUIDIHa  AND  OASTDia. 

Thi  planning  of  a  fbtmdr;  ia  dependant  upon  bo  manjr  Toried  cir- 
cnnifltaoces,  that  we  cannot  do  more  bera  than  mention  a  few  of 
the  chief  points  demanding  attention.  We  may  remark  that  a 
well  laid-ont  foondiy  will  always  return  greater  profits  to  its  pro- 
prietor than  woold  otherwise  be  the  case ;  and  it  mnst  be  remem- 
bered,  that  the  constmotion  of  such  works  is  peculiarly  the  province 
of  an  engineer  who  is  &miliar  with  the  operations  to  be  conducted 
therein.  The  fonndry  aboold,  where  poeeible,  be  built  near  some 
navigable  stream,  and  adjacent  to  good  railway  depdta.  The  space 
appropriated  to  the  works  should  be  ample,  so  as  to  allow  of  fatnre 
extenmon,  and  the  buildings  may  be  of  brick,  with  hip  roofe,  and 
amply  lighted. 

Stores  for  the  raw  materials  should  be  roofed  in,  and  near  tiie 
fnmace-hoiiBa  Much  waste  is  occasioned  by  leaving  the  pig  iron, 
coke,  sand,  and  the  like,  onprotected  from  the  rain,  besides  this 
practice  being  very  unsightly  and  untidy. 

The  materials  for  core  making  and  loam  work  ehoold  be  stored 
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shops,  and  is  a  brick  stmcture  with  roof  tmsses  of  wrought  iron ; 
the  roof  covering  is  of  slate.  The  main  portion  of  the  foundry, 
which  is  138  feet  6  inches  long  by  71  feet  6  inches  wide  and  85  feet 
high,  contains  the  moulding  floor.  It  is  lighted  by  eleyen  windows, 
each  21  feet  high  and  8  feet  wide,  as  well  as  by  a  raised  skylight, 
containing  sixty  sashes.  Ventilation  is  obtained  by  louvres  in  the 
raised  sides  of  the  skylight.  On  one  side  of  this  moulding  floor 
are  placed  the  cupola  chamber,  29  feet  by  40  feet,  the  engine 
house,  30  feet  by  30  feet,  the  boiler  house,  30  feet  by  15  feet, 
a  core  room  and  ovens  of  the  same  dimensions.  The  operations  of 
annealing  and  finishing  the  wheels  are  prepared  in  a  wing  of  the 
foundry,  94  feet  long  and  56  feet  wide.  The  general  arrangement 
is  shown  in  the  plan.  Fig.  3 ;  and  Figs.  1  and  2  show  details  of 
construction.  The  wheel  foundry  is  furnished  with  13  hydraulic 
cranes,  arranged  as  shown  in  the  plan.  The  ordinary  working 
pressure  for  these  cranes  is  450  lbs.  per  square  inch.  Each  crane 
is  free  to  swing  entirely  round,  and  controls  a  circle  13  feet  in  dia- 
meter. They  are  unsupported  at  the  top,  but  are  well  secured  to 
masonry  foundations.  The  jib  does  not  rise  and  fall,  but  carries 
at  the  end  a  sheave,  over  which  a  wire  rope  passes  and  is  brought 
back  to  the  centre  of  the  crane,  where  it  is  attached  to  the  piston 
of  the  hydraulic  cylinder,  the  travel  of  which  raises  or  lowers  the 
weights  to  be  moved.  The  circle  of  13  feet  diameter,  which  forms 
the  sweep  of  the  crane,  is  sufficiently  large  to  give  space  for  fifteen 
moulding  flasks  for  wheels  33  inches  in  diameter,  which  is  the 
largest  size  used  by  the  Pennsylvania  Bailway  Oompany.  The 
exact  position  of  each  mould  around  the  circle  is  marked  by  an  iron 
ring,  that  forms  a  level  seat  for  the  flask,  so  that  little  time  is  lost 
in  arranging  the  flasks  in  their  places,  and  in  the  proper  position 
for  pouring. 

We  may  here  mention  that  the  foundry  floor  is  laid  with  cast- 
iron  plates,  provided  with  narrow-gauge  tram  grooves,  in  which  two- 
wheeled  trucks  are  run,  transporting  the  flasks  to  their  respective 
places. 

In  the  foundry,  and  immediately  beneath  the  cupolas  A,  Figs. 
1  and  3,  is  placed  a  large  ladle  B,  holding  about  20,000  Iba,  and 
mounted  on  trunnions.  This  ladle  is  operated  by  hydraulic 
power,   and  is  completely  under  the  control  of  the  workman. 
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Itaa^iB  0  C  bam  the  tapping  boles  of  the  cnpolas  conduct  the 
mdted  metal  into  it.  It  was  found  adTisable  to  employ  a  ladle  of 
BO  large  a  capacdt;,  becanse  by  doing  bo,  a  more  complete  mixtnre 
of  the  different  irons  is  effected,  than  would  be  the  case  if  s  snialler 
vesael  were  employed. 

There  are  two  Mackenzie  cnpolas  A  A  belonging  to  this  de- 
partment. They  are  rectangular  in  section,  meaeoring  7  feet 
6  inches  by  3  feet  6  inches  at  the  boshes,  and  8  feet  6  inches  by 
4  feet  6  inches  at  the  largest  part ;  the  distance  from  the  tnyeiee 
to  the  charging  lerel  is  9  feet  6  inchee.  These  tuyeres  form  a 
ccmtinnons  opening  1^  inch  wide,  and  extend  round  the  cupola, 
at  a  he^|;ht  of  8  inches  above  the  floor,  when  the  latter  is  ready 
fer  charging.  No  flnx  is  employed  in  melting  the  charges,  and  no 
proricdon  is  made  fer  tapping  the  slag.  The  average  qnantity  of 
metal  that  can  be  ran  from  each  of  these  capolas,  before  the 
tuyeres  become  so  clogged  as  to  impuz  the  working,  is  65,000  lbs. 
It  is  true  that  a  larger  quantity  than  this  can  be  ran  off  in  a 
angle  heat,  bnt  it  is  found  that  so  large  a  charge  does  not  produce 
metal  of  a  quality  sufficiently  good  to  fulfil  the  requirements  for 
cast  wheels. 

In  one  comer  of  the  cupola  chamber  is  a  small  furnace  having 
a  capacity  of  2000  lbs.  This  is  used  entirely  for  experimental 
purposes,  for  melting  sample  irons,  and  for  trying  the  results  of 
different  mixtures,  a  very  necessary  process  in  wheel  castings. 
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hydianlic  power.  The  pits  are  cylindrical^  and  are  made  of  sheet 
iron  lined  with  firebrick.  Outside  they  are  surrounded  with  a  bed 
of  dry  sand.     Each  pit  has  a  capacity  of  twenty  wheels. 

Adjoining  the  annealing  chamber  is  the  cleaning  and  inspecting 
shop  G,  where  the  wheels  are  stripped  of  sand  that  may  adhere  to 
them,  the  cores  are  broken  out,  and  the  wheels  are  tested  by  being 
struck  with  a  hammer.  The  floor  of  the  room  is  above  the  ground 
level,  being  raised  to  the  average  height  of  the  freight-car  plat- 
forms for  convenience  of  loading.  The  cleaning  room  is  paved 
with  oak  blocks  laid  with  the  grain  on  end.  At  one  end  of  this 
department  is  an  hydrauUc  drop  weighing  1200  lbs.,  and  having 
a  fall  of  13  feet.  With  this,  wheels  that  have  failed  to  pass  the 
test,  or  which  have  been  worn  out  in  service,  are  broken  up  prior 
to  being  remelted  in  the  cupola. 

A  tramway,  2-foot  gauge,  is  laid  down  throughout  the  foundry 
and  yards,  for  convenience  of  shifting  materials. 

The  operations  are  carried  on  in  a  mode  almost  identical  with 
that  practised  in  the  works  described  at  p.  276. 

The  foundry  of  Messrs.  Howard,  the  eminent  agricultural 
implement  makers  of  Bedford,  is  shown  on  Plate  LXXX.  The 
main  building  is  258  feet  long  by  235  feet  wide.  The  roof  is  of 
wood  and  iron,  the  principals  having  timber  rafters  trussed  mth 
iron.  The  whole  is  covered  with  white  pantiles,  machine  made, 
and  glass  skylight  tiles.  A  portion  of  the  building  is  divided  from 
the  foundry  proper  by  a  wall,  as  shown  in  the  plan  and  transverse 
section.  The  space  thus  set  apart  is  occupied  by  the  sand  stove, 
into  which  the  sand  is  shot  from  the  railway  trucks  through 
openings,  the  shutters  of  which  flap  down  on  the  truck  side,  the 
two  core-drying  stoves,  the  cupola  room,' the  engine  room,  the 
template  store,  a  pattern  room,  and  a  boiler  house.  Over  these 
run  stores  and  the  pattern  maker's  shop. 

The  arrangements  for  melting  the  iron  first  claim  our  attention. 
There  are  four  cupolas,  two  of  which  stand  at  each  side  of  the 
entrance  gate,  as  shown  in  Fig.  2.  The  upper  floor  is  intercepted 
to  give  room  for  the  cupolas,  the  space  being  crossed  by  a  light  iron 
staging,  used  to  supply  coke  and  iron,  which  are  raised  to  the  level 
of  the  charging  floor  by  two  small  waterhoists,  precisely  similar  in 
principle  to  those  used  in  connection  with  blast  fomaces.  Each 
consists  of  four  columns  acting  as  guides,  between  which  rise  and 
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fall  two  bonow  stages,  beneath  each  of  which  is  a  tank,  filled,  when 
neceeBary,  from  a  cistern  or  iank  overhead.  The  descent  of  a  stage 
foUowB  <m  the  filling  of  its  tank  with  water,  and  in  descending  it 
draws  up  its  fellow,  b;  a  chain  passing  over  a  pnlley,  the  rapidity 
of  descent  being  controlled  by  a  simple  brake.  The  water  is  dis- 
charged at  the  bottom,  and  drains  away,  to  be  again  pomped  np. 
The  distance  from  the  ground  to  the  charging  hole  is  abont  15  feet. 
The  cupolas  are  coustmcted  on  Ireland's  system.  Two  of  the 
fnmaces  will  melt  between  them  25  to  30  tons  per  day.  The 
metal  melted  for  general  casting  consists  for  the  most  part  of  abont 
two-thirds  pig,  four  sorts,  and  one-third  scrap.  For  plonghsharee^ 
which  are  chilled,  the  iron  nsed  is  very  various  and  of  the  highest 
quality ;  none  other  will  take  the  requisite  chill  and  yet  be  suf- 
ficiently strong.  The  entire  cnpola  work  is  done  by  piece  work, 
one  man  taking  the  breaking,  melting,  and  serving  out  at  a  fixed 
price  per  ton.  The  cupolas  are  supplied  with  air  by  a  &n.  This 
&n  is  fixed  overhead,  neat  the  pattern  shop.  It  rune  at  3500  revo- 
lutions per  minnte,  and  is  ahnoet  noiselees.  The  bearings  of  the 
shaft  are  of  great  length,  and  cast  iron. 

The  iron  is  served  ont  on  large  ladles,  carried  on  trucks, 
mnning  on  rails  laid  to  a  2-feet  gauge,  traversing  the  entire 
foundry  in  every  required  direction,  the  crossings  being  fitted  vrith 
little  turntables.  The  rule  is,  no  monlder  is  to  move  from  lus 
place  for  metal.     The  rails  are  laid  on  cast-iron  sleepers.     The  fitn. 
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Plates  LXXXI.  and  LXXXII.  are  of  a  large  foundry  in  the 
north  of  England,  which  was  specially  arranged  for  heavy  marine 
engineering  work. 

The  pattern  makers'  shop  and  stores  is  about  48  feet  by  35  feet, 
built  of  brick  in  three  stories,  the  flooring  being  supported  by  iron 
columns;  gates  and  loading  doors  being  provided  to  the  ground 
and  first  floors.  Fixed  wood  racks  are  proyided  in  each  for  the 
patterns,  and  the  whole  is  covered  by  a  hip  slated  roof. 

The  main  foundry  is  a  lofty  building,  about  140  feet  long  by 
71  feet  wide,  built  in  two  bays  upon  brick  end  walls,  which  rise 
some  14  feet  above  ground,  the  remainder  of  the  structure  being 
timber  framed,  and  glazed  and  covered  by  a  slated  hip  louvre  roof; 
massive  timber-framed  gauntries  are  arranged  in  each  bay,  giving 
a  clear  lifting  height  of  21  feet  to  the  under  side  of  the  crane 
barrel,  one  of  the  gauntries  being  continued  into  the  outer  yard  for 
a  distance  of  100  feet  beyond  the  building.  The  circular  moulding 
pit  is  of  brick,  and  is  18  feet  in  diameter ;  it  was  made  specially  for 
casting  large  screw  propellers. 

There  is  a  smaller  foundry,  built  entirely  of  brick ;  this  is  93  feet 
by  34  feet,  and  is  covered  by  a  slated  timber  hip  roof.  It  is  also 
proyided  with  a  gauntry  for  overhead  travelling  cranes,  and  has 
fixed  benches,  the  smaller  mouldings  being  done  here.  The  spacious 
core  shop  and  drying  stoves  are  all  fitted  with  well-made  iron 
sliding  doors,  and  the  latter  with  fomaces.  The  premises  through- 
out are  fitted  with  gas  and  water  piping.  There  is  a  siding  from 
the  main  line  delivering  goods  into  the  yard,  and  removing  them 
from  a  timber  loading  stage,  beneath  which  the  stores  for  coal, 
coke,  and  sand  are  arranged. 

It  is  dijBicult  to  lay  down  general  rules  on  a  subject  so  much 
open  to  the  modifications  of  circumstances  and  fluctuations  of 
prices  as  the  cost  of  moulding  and  casting. 

Moulding  of  the  common  articles  of  commerce,  and  machinery 
in  iron  is  generally  paid  for  at  a  price  per  ton.  Dry-sand  moulding 
is  paid  higher  than  moulding  in  green  sand,  and  loam-moulding 
higher  than  either  of  them.  The  moulding  of  brtws,  bronze,  or 
other  metals,  for  monuments  of  art,  is  of  such  variety,  and  so  dif- 
ferent are  the  expenses,  that  no  standard  price  can  be  assigned  to 
it.    The  expenses  incurred  in  melting  metal  art  not  very  great — 
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the  loBS  in  the  metal  which  ia  melted  is  greater  than  the  laboiir  and 
foel  in  melting  it.  In  the  cupola,  25  per  cent,  of  fael  is  consumed 
in  meltii^  iron,  inclnding  all  the  fnel  need  in  warming  the  fomace, 
the  drying  Btores,  and  other  incidental  usee  of  faeL  Beaidee  fnel, 
there  are  two  lahonrers  at  the  capola,  one  smelter,  and  one  filler. 
The  reTerbeiator;  takes  from  75  to  100  lbs.  of  fuel  to  each  100  Iha. 
of  iron,  inclnding  the  heating  of  the  furnace.  ExclasiTe  of  this 
heating,  the  reTerberatory  will  take  but  50  lbs.  of  fnel.  One  work- 
man can  do  the  work  at  the  rererberatory,  bnt  there  are  generally 
two.  The  melting  of  iron  in  the  cmcible  ia  the  most  espensiye :  it 
consnmes  from  50  to  200  Iba.  of  coal  to  100  lbs.  of  iron.  The 
greatest  expenses  are,  however,  in  the  cmcibles :  a  good  cracible, 
well  managed,  will  not  generally  last  more  than  twelve  heats,  and 
if  each  heat  is  50  lie.,  it  wiU  mdt  600  Ibe.  of  iron. 

The  loss  in  iron  ie  invariably  from  5  to  6  per  cent  in  every 
case  of  Hie  different  forms  of  melting ;  the  reverberatory  fomace 
consmuing  most  iron.  Each  casting  always  requires  more  metal 
than  it  will  finally  contain ;  this  sniplns  iron,  coDsisting  of  gates, 
channels,  and  false  seams,  increases  the  above  loss ;  and  as  small 
castings  make  more  scrap  iron  than  large  ones,  it  is  obvions  that 
the  actual  loss  will  he  brger  on  amdl  casts  than  on  large  ones. 
Hacbine  castings  make,  on  an  average,  33  per  cent,  of  refose,  or 
scrap,  in  a  well-condncted  foundry ;  commercial  articles  25  per  cent., 
and  large  castings  lees ;  very  small  artidee  frequently  make  more 
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When  the  metals  in  use  are  costly,  such  as  copper,  tin,  &c.,  it 
is  of  the  utmost  importance  to  guard  against  waste,  and  other  less 
excusable  sources  of  loss. 

The  storekeeper  should  be  provided  with  books,  in  which  he 
should  be  required  to  enter  all  the  goods  received  into  store,  and  he 
should  also  be  empowered  to  weigh  and  examine  these  goods  at  the 
period  of  delivery  and  to  see  that  they,  are  correctly  described  on 
the  invoice  sent  with  them. 

It  should  be  his  duty  to  dispose  of  these  stores  in  such  a  manner 
that  they  can  be  easily  and  quickly  got  at,  and  every  convenience 
should  be  allowed  him  for  this  purpose,  a  good  weighing  machine 
being  especially  provided.  Unless  attention  is  paid  to  these  points, 
the  storekeeper's  door  will  become  the  lounging-place  of  lazy  work- 
men, with  the  excuse  of  beiug  kept  waiting  for  metal  or  stores. 

AVhen  the  storekeeper  delivers  out  metal,  or  other  stock,  he 
should  enter  the  same  in  a  book  kept  for  the  purpose,  giving  the 
date  and  quantity  issued,  and  to  whom.  On  the  opposite  side  of  the 
book  he  should  enter  the  weight  of  metal  returned  in  the  shape  of 
finished  castings,  with  a  column  for  loss  in  working. 

In  some  instances  it  will  be  found  possible  thus  to  arrive  at  the 
actual  metal  issued  and  returned  for  a  particular  casting,  but  such 
a  degree  of  accuracy  cannot  often  be  attained  except  in  the  case  of 
very  large  castings,  as  some  of  the  metal  is  generally  left  over,  or 
used  for  some  other  work. 

But  at  certain  definite  periods,  when  these  books  are  to  be 
balanced,  the  general  results,  as  to  goods  received  into  store,  goods 
issued  by  storekeeper,  and  goods  now  in  stock,  should  agree ;  as 
well  as  goods  issued  by  storekeeper,  and  castings  produced  with  the 
loss  in  working,  which  should  also  agree  approximately. 

The  proportion  of  difierent  metals  used  in  the  castings  should 
also  be  recorded. 

In  addition  to  the  stores  above  mentioned,  there  are  many  other 
items  which  are  not  so  easily  apportioned,  or  checked,  such  as 
timber  for  the  pattern  makers,  sands,  loam,  blacking,  coal,  coke,  and 
similar  materials.  Care  is  necessary  to  prevent  these  articles  being 
used  wastefully,  and  at  the  time  for  balancing  the  books  the  cost  of 
these  materials  must  be  divided  amongst  the  several  items. 
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At.t.  alloTB,  irithont  ex<!eption,  are  ^  more  fneible  than  tlie 
snperior  metal  of  which  they  are  composed,  as  the  most  le&actory 
metals  are  easily  fosed,  when  alloyed  with  one  or  more  of  the  softer 
metals.  Thus  platinnm,  which  is  scarcely  fumble  at  all,  readily 
combines  with  any  of  the  inferior  metals,  zinc,  aisenic,  tin,  and 
aome  others.  Again,  sereral  of  the  easily  fnaible  alloys  melt  below 
the  boiling  point  of  water,  which  is  lees  than  half  the  melting  heat 
of  tin,  their  moat  fnaible  ingredient. 

The  melting  and  mixing  of  the  several  metals,  is  a  point  which 
ie  lax  fzom  being  redaced  to  anything  like  a  system  in  many  brass- 
founding  establishments,  and  practical  men  are  ofi«n  at  a  loss  as  to 
the  proper  means  for  secnring  a  definite  and  uniform  alloy.  As  a 
genual  rule,  it  is  necessary  to  melt  the  less  fasible  metal  first,  and 
to  add  the  more  fusible  afterwards.  Founders-  generally  are  of 
opinion,  that  if  the  metal  of  the  first  melting  is  ran  out  into  a  bar, 
and  then  remelted,  a  more  complete  incorporation  is  obtained. 
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In  the  composition  of  pewter,  the  minute  quantity  of  copper 
required  would,  perhaps,  never  combine  properly  with  the  tin ;  but 
if,  instead  of  adding  the  two  metals  in  the  requisite  proportions  at 
first,  the  copper  is  first  melted  alone  with  two  or  three  times  its 
weight  of  tin,  so  as  to  form  temper,  the  latter  may  be  added  in 
the  requisite  quantity  to  the  tin  or  pewter,  and  a  complete  com- 
bination is  effected.  In  alloys  of  zinc,  this  metal  is  extremely 
liable  to  waste,  from  its  oxidizable  and  yolatile  nature ;  to  avoid 
this,  a  number  of  schemes  have  been  adopted,  with  various  degrees 
of  success. 

The  following  table  gives  the  proportions  of  the  more  common 
commercial  alloys;  while  the  detailed  receipts  are  of  mixtures 
stated  by  various  authorities  to  have  been  used  with  success. 
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BrasS)  engine  bearings 
Tough  brass,  engine  work 

„  for  heavy  bearings 

Yellow  brass  for  turning  . . 
Flanges  to  stand  brazing  . . 

Bell  metal 

Babbitt's  metal 

Brass,  for  locomotive  bearings 
„      for  straps  and  glands    . . 

Muntz*s  sheathing     

Metal  to  expand  in  cooling 

Pewter 

Spelter 

Statuary  bronze 

Type  metal  from       

,,  wO  . «        • « 

Plumbers'  sealed  solder    . . 
„        line  „         •  •      ■ . 


Tin. 


13 
15 
25 


5 
10 

7 
16 


100 


1 
2 


Copper. 


112 

100 

160 
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Table  XXIII.— Soldebs  and  * 

rHEiR  Melting  Points. 

No. 

Tin. 

Lead. 

Deg.  Fohr. 

No. 

Tin. 

Tiead. 

Bismuth. 

Deg.  Fahr. 
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By  the  addition  of  3  parts  of  mercnr;  to  Ko.  18  of  the  Table  XXIIL 
it  meltB  at  122°  F. 

Tin  and  copper  ate  liable  to  separation  daring  the  cooling ; 
this  can  be  paitly  pterented  b;  repeatedly  turning  and  abiding  the 
tnoold  which  contains  the  flnid  alloy,  nntil  it  has  set. 

To  prevent  airholes  in  copper  castings,  they  ehonid  be 
moulded  in  green  sand  moQlds,  usmg  as  a  flax  1^  lbs.  of  sine  to 
every  100  Iba.  of  copper.  Fare  copper  will  not  cast  withonthoney- 
combing. 

Ckipper  and  lead  nnite  only  to  a  certain  extent 

In  ordinary  pot  metal,  3  lead  to  8  of  copper,  the  lead  may  be 
retained,  provided  the  object  to  be  cast  is  not  too  thick. 

When  the  cast  is  heavy,  or  much  lead  is  nsed,  it  is  pressed  oat 
by  the  copper  and  ezndee  in  coaling. 

Two  of  copper  to  1  of  lead,  separatee  lead  in  cooling,  the  lead 
oozee  through  the  copper  ;  whilst  any  excess  of  copper  beyond  8  of 
copper  to  1  of  lead  renders  the  alloy  very  brittle ;  consequently  the 
range  is  limited  between  2  to  1  and  8  to  1.  These  alloys  are  all 
brittle  when  heated. 

Copper  and  silver  in  equal  parte  with  2  per  cent  of  arsenic  fc^m 
an  alloy  similar  to  silver,  vrith  the  exception  of  being  a  little 
harder,  althongb  of  almost  equal  tenacity  and  malleability. 

Antimony  imparts  a  beautiful  red  colonr  to  copper,  varying 
&om  a  rose  red  where  much  antimony  is  added,  to  a  crimson  or 
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Bell  Metal. — Fine,  71  copper,  26  tin,  2  zinc,  1  iron.  For 
large  bells :  copper  100  lbs.,  tin  20  to  25  lbs.  For  small  bells : 
copper  3  lbs.,  tin  1  lb. 

For  Bells  of  CTocis.— Copper  72  00  parts,  tin  26-56  parte, 
iron  1  •  44  parts. 

For  Journal  Boxes. — Copper  24  lbs.,  tin  24  lbs.,  antimony 
8  lbs.  Melt  the  copper  first,  then  add  the  tin,  and  lastly  the 
antimony.  It  should  first  be  ran  into  ingots,  then  melted,  and 
cast  in  the  required  form.  10  lbs.  copper,  1  lb.  tin,  10  oz. 
zinc  is  another  mixture. 

Qveeri's  Metal, — 100  lbs.  tin,  8  of  regulus  of  antimony,  1  of 
bismuth,  4  of  copper. 

Chinese  Silver. — 65*24  parts  copper,  19*52  zinc,  13  nickel, 
2  *  5  silver,  and  0  *  12  cobalt  of  iron. 

Hard  White  Metal. — 3  lbs.  grain  copper,  90  lbs.  tin,  70  lbs. 
antimony. 

Metal  for  taking  Impressions. — Lead  3  lbs.,  tin  2  lbs.,  bismuth 
5  lbs. 

Crun  Metal. — 80  to  83  parte  copper,  20  to  17  parte  tin. 

Bivet  Metal. — Copper  32  oz.,  tin  2  oz.,  zinc  1  oz. 

Rivet  Metal  for  Eose^  Belting,  &o. — Copper  64  lbs.,  tin  1  lb. 

Bidlet  Metal. — 98  lead,  2  arsenic. 

Aluminum  Bronze, — 100  parte  copper,  10  aluminum  by 
weight,  form  a  durable  alloy,  which  may  be  forged  and  worked  in 
the  same  manner  as  copper ;  it  is  of  a  pale  golden  colour. 

Useful  Alloy  for  Bearings. — 10  antimony,  5  copper,  85  tin. 

For  CymhaJs  and  Oongs. — 100  parte  of  copper,  25  of  tin.  It 
is  steted  that  to  give  this  alloy  a  high  degree  of  sonorous  power, 
the  piece  should  be  ignited  after  it  is  cast,  and  then  be  immediately 
plunged  into  cold  water ;  but  these  directions,  like  a  good  many 
others  which  accompany  receipte  for  alloys,  are  unfortunately  yery 
vague. 

For  Tam-Tams,  or  Oongs. — (1.)  80  parte  copper,  20  of  tin; 
hammer  it  out,  with  frequent  annealing.  (2.)  78  parte  of  copper, 
22  of  tin,  rolled  out. 

Bath  Metal. — 32  brass,  and  9  zinc. 

Cock  Metal. — 20  lbs.  copper,  8  lbs.  lead,  1  oz.  litharge,  3  oz. 
antimony. 

2  c 
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The  taat  two  alloys  are  used  for  coating  the  inside  of  glass 
globee,  and  many  other  eimilai  toya  A  little  of  the  metal  is 
poored  into  the  globe  or  other  veesel,  which  being  tnmed  about 
Teceivee  a  thin  film  of  a  brilliant  silrery  appearance,  the  ezcesH  of 
metal  being  ponred  back  into  the  ladle. 

Tin  foil  ehonld  be  of  pnre  tin,  bnt  it  is  nearly  always  alloyed 
with  lead,  or  with  lead  and  zinc.  It  may  be  prepared  either  by 
hammering  or  rolling,  bnt  is  more  generally  cast  upon  an  incltDed 
framework  covered  with  canvas. 

EiBp(maive  Metal. — 9  lead,  2  antimony,  I  bismuth.  This  alloy 
expands  on  cooling,  and  is  ased  for  filling  small  holes  or  defects  in 


Odld  Coin  of  Oreai  Britain. — 11  pnre  gold,  1  copper. 
Mannheim  Gold. — 3  copper,  1  zinc,  with  a  little  tin. 
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arsenical  salt,  with  a  flnx  made  of  calcined  borax,  charcoal  dust,  and 
powdered  glass. 

White  Metal. — Tin  82,  lead  18,  antimony  5,  zinc  1,  and 
copper  4  parts. 

Statuary  Metal, — (1.)  91*4  parts  copper,  5*53  zinc,  1*7  tin, 
1-37  lead.    (2.)  Copper  80  parts,  tin  20. 

For  Medals. — (1.)  50  parts  copper,  4  of  zinc.  (2.)  Copper 
92  parts,  tin  8  parts,  with  a  small  quantity  of  brass. 

Or-molu.  — The  or-molu  of  the  brass-founder,  which  is  an  imi- 
tation of  red  gold,  is  extensively  used  in  ornamenting  ironwork,  as 
well  as  in  many  other  branches  of  artistic  trade.  It  is  composed 
of  more  copper  and  less  zinc  than  ordinary  brass ;  it  is  readily 
cleaned  by  acid,  and  can  be  easily  burnished.  To  make  it  more 
brilliant  it  can  be  brightened  up,  after  '*  dipping,"  by  means  of 
scratch-brush.     To  protect  it  from  tarnish  it  should  be  lacquered. 

For  Tinning. — Malleable  iron  1  lb. ;  heat  to  whiteness,  add 
5  oz.  regulus  of  antimony,  and  Molucca  tin  24  lbs. 

Cold  Tinning. — Mix  tin  and  mercury  until  soft  and  friable ; 
clean  the  article  with  spirits  of  salt,  and  whilst  moist  rub  on  the 
above  amalgam,  and  after  the  metal  is  tinned  evaporate  the  mer- 
cury by  heat.  This  receipt  must  not  be  used  for  any  culinary 
vessel. 

Cold  Silvering. — 1  chloride  of  silver,  3  pearlash,  IJ  common 
salt,  1  whitening.  Gean  the  metal  with  soft  leather  or  cork, 
moisten  the  metal  with  clean  water,  and  rub  on  the  mixture. 
After  the  metal  is  silvered,  wash  it  in  slightly  alkaline  hot 
water. 

Speculum  Metals, — Equal  parts  of  tin  and  copper  form  a  white 
metal  as  hard  as  steel.  Less  tin,  with  a  small  quantity  of  arsenic 
added  to  the  alloy,  form  a  hard  white  metal,  having  a  brilliant 
lustra     2  lbs.  copper,  1  lb.  tin,  1  oz.  arsenic,  is  a  good  mixture. 

82  parts  copper,  16*5  tin,  4  brass,  and  1*25  arsenic,  gives 
a  hard,  white,  and  brilliant  metal 

Pipe  Metal  for  Organs. — Melt  equal  parts  of  tin  and  lead. 
This  alloy  is  cast,  instead  of  being  rolled,  in  the  desired  form  of 
sheets,  in  order  to  obtain  a  crystallized  metal,  which  produces 
a  finer  tone. 

The  sheets  are  formed  by  casting  the  metal  on  a  horizontal 

2  0  2 
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table,  the  thicknees  bemg  regnlated  by  the  height  of  a  bridge  at 
ODe  end,  OTer  which  the  anp^oonB  metal  flows  off.  The  abeets 
thos  obtained  aie  planed  with  a  carpenter's  plane,  bent  up,  and 


Oerman  SSver. — First  qoEility  for  castiDg:  Copper  50  lbs., 
zinc  25  Ibe.,  nickel  25  lbs. 

Second  qiiality  for  castii^:  Copper  50  lbs.,  zinc  20  tbe.,  nickel, 
best  pnlTerized,  10  lbs. 

Oerman  Silver  for  Bolting. — Copper  60  lbs.,  2000  2  Iba.,  nickel 
26  lbs. ;  used  for  table  ware. 

Oerman  Silver  for  Bells  and  other  Castings. — Copper  60  lbs,, 
zinc  20  lbs.,  nickel  20  Ibe.,  lead  3  Iba.,  iron,  that  of  tin  plate  b^g 
beet,  2  lbs. 

It  is  difficult  to  combine  a  definite  proportion  of  zinc  with  the 
compound  of  nickel  and  copper  previonaly  prepared.  In  fosing 
the  three  metals  together  there  is  always  a  loss  of  zinc  by  volatili- 
zation, which  may  be  lessened  by  placing  the  zinc  beneath  the 
copper  in  the  crocible.  The  best  method  is  to  mix  the  copper  and 
nickel,  both  in  grains,  first ;  place  this  mixture  in  the  crucible ; 
when  melted,  add  the  zinc  and  a  piece  of  borax  the  size  of  & 
walnut.  The  zinc  will  gradually  dissolve  in  the  fluid  copper,  and 
the  beat  may  be  nused  as  the  fluidity  increases. 

In  this  instance,  as  in  all  others  of  forming  alloys,  it  is  profit- 
able to  mix  the  oxides  of  the  various  metals  together,  and  reduce 
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Chod  Britannia  Metal. — Tin  150  Ihs.,  copper  3  lbs.,  antimony 
lOlbB. 

Britannia  Metal,  Second  QwdUy, — Tin  140  lbs.,  copper  3 
lbs.y  antimony  9  lbs. 

Britannia  Metal  for  Casting.'^Tia  210  lbs.,  copper  4  lbs., 
antimony  12  lbs. 

Britannia  Metal  for  Spinning. — Tin  100  lbs.,  hardening  4 
lbs.,  antimony  4  lbs. 

BrUannia  Metal  for  Begisters. — Tin  100  lbs.,  hardening  8  lbs., 
antimony  8  lbs. 

Best  Britannia  for  Spouts. — ^Tin  140  lbs.,  copper  3  lbs.,  anti- 
mony 6  lbs. 

Best  Britannia  for  Spoons. — Tin  100  lbs.,  hardening  5  lbs., 
antimony  10  lbs. 

Best  Britannia  for  Handles. — Tin  140  lbs.,  copper  2  lbs., 
antimony  5  lbs. 

Best  Britannia  for  Lamps,  &c. — Tin  300  lbs.,  copper  4  lbs., 
antimony  15  lbs. 

Britannia  for  Casting. — Tin  100  lbs.,  hardening  5  lbs.,  anti- 
mony 5  lbs. 

Britannia  Metal. — 4  brass,  4  tin ;  when  fused,  add  4  bismuth 
and  4  antimony ;  this  composition  is  added  at  discretion  to  the 
melted  tin. 

Casting  Brass  Nuts  on  Screws. — Polish  the  screw,  make  a  mould 
on  it,  with  a  gate  or  runner  at  the  end  when  mould  is  horizontal, 
1  inch  in  diameter,  5  inches  high,  scoop  out  the  top  3  inches  dia- 
meter bevelled  down  to  1  inch ;  second,  make  the  gate  or  runner  on 
the  top  of  screw  ^  inch  diameter,  same  height  as  the  other.  Take 
a  pricker  and  prick  &om  the  top  of  the  mould  to  the  pattern  nut 
about  a  dozen  holes,  after  which  draw  diamonds  with  the  wire  from 
these  holes  to  the  sides  of  the  mould  on  the  top.  Now  part  the 
mould,  draw  the  nat  and  screw,  cut  the  gates,  making  the  one  at 
the  end  of  nut  same  as  the  down  one,  an  inch  in  diameter ;  take 
the  screw,  smoke  it  over  a  gas  flame,  turning  it  round,  pouring  a 
Uttle  oil  on  it ;  continue  heating  till  the  oil  begins  to  boil ;  at  this 
stage  take  a  Uttle  of  the  dry  parting-sand,  which  is  used  to  part  the 
mould;  sprinkle  this  all  round  on  the  top  of  oil — ^heat  now  as 
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before  to  dull  red,  and  proceed  as  before.  Bemelt  the  metal, 
take  3  lbs.  of  old  waste  handles,  free  &om  iron ;  add  to  this  9  lbs. 
(tf  copper ;  melt  both,  and  when  ready  for  castiiig  add  i  lb.  of 
zinc  or  spelter ;  allow  it  to  remain  in  the  fire  ten  minntes ;  take  it 
ont,  add  _^  lb.  of  block  tin  and  ^  lb.  of  lead ;  stir  the  whole  well  up ; 
the  screw  is  now  red  and  in  the  mould ;  roBh  the  metal  in  quickly 
at  the  gate  1  inch  diameter ;  be  sure  the  metal  is  hot  and  it  will 
rise  at  the  other  gate  to  the  top  of  the  mould.  Be  carefol  at  this 
stage.  To  take  the  not  off  do  not  heat  it;  dress  it  as  before; 
hammer  it  cold,  heat  it — now  hold  the  screw  npiight,  poor  on  oil 
at  the  top  of  the  nut,  allow  it  to  cool,  catch  nat  in  vice,  apply  a 
lever  to  the  sqnare  at  end  of  screw,  and  toni  it  round. 

Bahbi^a  AttrUum  MOal. — Preparing  and  fitting:  melt 
separately  4  lbs.  of  copper,  12  lbs.  best  quality  Banca  tin,  8  tbs. 
regains  of  antimony,  and  12  lbs.  more  of  tin  while  the  composition 
is  in  a  melted  state.  Poor  the  antimony  into  the  tin,  then  mix 
with  the  copper  away  &om  the  fire  in  a  separate  pot. 

In  melting  the  composition,  it  is  better  to  keep  a  amall 
quantity  of  powdered  charcoal  on  the  enrfsce  of  the  metal. 

The  above  composition  is  called  "  hardening."  For  lining  the 
boxes  take  1  lb.  of  hardening  and  melt  it  with  2  lbs.  of  Banca  tin, 
which  producer  the  lining  metal  for  use.     Thus  the  proportions  for 
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begins  to  melt»  lay  it  on  the  ''former/'  and  pour  in  the  metal, 
which  should  not  he  so  hot  as  to  oiidize,  throngh  the  drilled  hole, 
giving  it  a  head,  so  that  as  it  shrinks  it  will  fill  up.  After  it  has 
sufficiently  cooled  remove  the  '^former." 

A  shorter  method  may  he  adopted  when  the  work  is  Ught. 
enough  to  handle  quickly ;  namely,  when  the  article  is  prepared  for 
tinning,  it  may  be  immersed  in  the  lining  metal  instead  of  the  tin, 
brush^  lightly  in  order  to  remove  the  sal-ammoniac  from  the 
sur£Eu;e,  placed  immediately  on  the  "  former  "  and  lined  at  the  same 
heating. 

Stereotype  MetaL — Tin  1,  antimony  1,  lead  4  parts. 

In  using  stereotype  metal,  brush  the  type  with  plumbago  or 
a  small  quantity  of  oil ;  then  place  in  a  frame,  and  take  a  cast  with 
plaster  of  Paris.  The  cast  must  be  dried  in  a  very  hot  oven, 
placed  face  downwards  upon  a  fiat  plate  of  iron ;  this  plate  is  laid 
in  a  tray  pr  pan  of  iron,  having  a  lid  securely  fastened,  and  fur- 
nished with  a  hole  at  each  comer.  Dip  the  tray  in  the  fiuid 
metal,  which  will  fiow  in  at  the  four  comers.  When  the  tray  is 
removed,  dip  the  bottom  only  in  water,  and  as  the  metal  contracts 
in  cooling,  pour  in  melted  metal  at  the  comers,  so  as  to  keep  up 
the  fiuid  pressure  and  obtain  a  good  solid  cast. 

When  cool,  open  the  tray,  remove  the  cake  of  plaster  and 
metal,  and  beat  the  edges  with  a  wooden  mallet  to  remove  super- 
fiuous  metal.  Plane  the  edges  square,  turn  the  back  fiat  in  a 
lathe  to  the  required  thickness,  and  remove  any  defects.  If  any 
of  the  letters  are  damaged,  cut  them  out,  and  replace  them  with 
separate  type  soldered  carefully  in  place.  Finally,  fix  upon  hard 
wood  to  the  required  height. 

Coating  Stereo  Plates  ly  the  Paper  Process, — Lay  a  sheet  of 
tissue  paper  upon  a  perfectly  fiat  surface,  and  paste  a  piece  of  soft 
printing  paper  on  to  the  tissue  paper,  pressing  them  very  fiat  and 
even.  Oil  the  form  of  type,  lay  the  paper  on  it,  and  cover  with 
a  damp  rag ;  beat  the  paper  evenly  into  the  type  with  a  stiff  brush, 
then  paste  on  it  a  piece  of  blotting  paper,  and  repeat  the  beating- 
in  process,  after  which  several  other  layers  of  soft,  tenacious  paper 
must  be  pasted  on  and  beaten-in  in  the  same  manner ;  back  up  the 
paper  with  a  piece  of  cartridge  paper.  The  whole  must  then  be 
dried  at  a  moderate  heat  under  a  slight  pressure.    When  quite 
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dry,  bnuh  over  the  fiue  of  the  papar'aoold  iritli  pliunhag*-or 
French  chalk.  Whan  this  ia  done  it  is'nttdy  fbr  the  matrix,  l^is,- 
is  a  hox  of  the  size  required  U(  the  work,  the  interior  of  which  is 
type-high.  This  is  called  the  gauges  "^^  ^^  c*^^  to  insert  ^ati- 
paper  mould,  and  is  regulated  by  hand  to  the  size  of  the  plate 
required.  This  being  pboed  inside,  the  lid  is  shot  down  and 
screwed  tight,  with  the  end  or  monthpieoe  left  open.  The  matal 
is  poured  in  at  the  oiiflce,  and  as  it  is  monnted  to  swing,  the  txtt 
is  moved  ahoit  so  as  to  well  throw  down  the  metal  and  make 
a  eoliA  cast.  Th«b  water  ig  dashed  on  the  box,  the  screw-bar 
nnshwkled^  the  fid  lifted,  the  jdate  taken  off,  and  the  paper  monld 
Is  ready  for  tise  for  another  casting. 

Another  Stereotype  process. — The  stereot^rper  fint  dries  the 
form  of  types  npon  an  iron  steam  table.  The  form  is  tiien  partially 
nnlocked,  and  a  hand-brash  is  robbed  over  the  sorfiun  of  the  typee, 
cleansing  them  preparatory  to  facing  over  the  entire  fona  a  sheet 
or  sheets  of  thin  hank-note  paper,  of  the  finest  quality,  preTionsIy 
wetted  to  insure  the  reqnired  pliability.  This  pajier  being  evenly 
laid  over  the  types,  the  workman  takes  a  long-handled  brush,  made 
of  short,  stiff  bristles,  with  which  he  beats  the  wet  paper  evenly, 
forcing  it  into  all  depressions  of  the  types,  taking  care  not  to  brei^ 
the  paper.  The  work '  finished,  a  dampened  sheet  of  thicker, 
more  ordinary  paper  is  placed  over  the  first  lliis  is  also  bmsh- 
faaanmered  down  npon  the  types,  and  fbllnwed  hj  another  sheet 
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press-Ded.  Han^e  jmoff  faqlSft  the  iftatrfx  in  its  proper  plaoe^  at 
the  exact  distance,  about  iialf  4n  inch,  necessary  for  iJie  thickness 
o£  the  stereotype  plato,  wfajjA  is  xnitdd  by  ponrmg  a  qtumtity  of  hot 
tjpe  metal  into  an  open  eni  9f  the  Casting  box.  This  metal^ 
dropping  between  one  snr&ce  of  the  q^t^ig  box  and  the  aonken 
IHirfiace  of  the  matrix,  fills  np  the  lattet  "mtboat  bnming  it.  A  fbw 
motiaents  are  allowed  for  cooling,  and  t^ii'  the  xq^trix  is  stripped 
froiEt  the  warm  plate,  which  is  snbsequ^%  prepe^^&r  the  press 
by  trinmimg  down  all  thick  Hnes,  OjEU^iflftling  away  agy  snper- 
flnons  metal,  paring  off  tne  $dge3,  fil]|Dg,  ie(M  Q£heiifvi/i8&.  t^;eatlng  the 
stereotype  after  the  t^snal  manncf '/  Giro^faff  saws  driten  oy  l^m 
power,  and  hand  catting  machinery  of  yarions  kinds,  are  ^  used  in 
finishing,  the  whole  operation  o£  stereotyping  oicnpytng  from 
fifteen  to  twenty  minntes.  A  second  plate  may  be  f)btained  from 
il^/d  original  znat^ix  in  abont  two  nunnte^  and  almost  any  number 
of  castings  can  be  taken  by  carefcvl  workmen^  In  some  offices  only 
one  mould  is  taken,  this  being  used  fo^  casting  th#  number  of 
plates  required  for  several  "^presses. .  '^e^  stereotype,  being  an 
exact  repi^uction,  in  solid  plate  form,  of  the  million  or  more  types 
originally  put  together  by  the  compositors,  is  fastened  upon  the 
Hoe,  Bullock,  or  any  other  printing  press,  and  used  in  place  of  the 
types. 

Type  Metal. — 9  parts  lead  to  1  of  antimony  fon£s  commoa. 
type  metal ;  7  lead  to  1  antimony  is  used  for  large  and  soft  type ; 
6  lead,  1  antimony,  for  large  type ;  5  lead  and  1  antimony  for 
middle  type,  4  lead,  1  antimony,  for  small  type ;  and  3  lead  to 
1  antimony  for  the  smallest  and  hardest  kinds  of  type. 

Ptench  Type  Metal  consists  of  2  lead,  1  antimony,  and  1 
copper.      # 

Common  Type  Metal  is  80  lead  and  20  antimony ;  a  more 
fasible  stereotype  metal  is  7 J  lead,  15  antimony,  and  8  bismuth. 
If  much  tin  "is  used  it  renders  the  metal  rather  sofb,  but  fusible 
^  and  fit  for  fine  imprest ons.  A  superior  alloy  is  said  to  consist  of 
9  lead,  2  antimony,  «nd  1  bismuth.  To  'allcQr  lead  with  these 
metals,  the  lead  is  first  melted,  and  the  oiher  metals  added  to  the 
fiuid  lead. 
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Table  XXV.-Whqbt  or 

Bocm  Atm  Sqdau  Coppbb  Bom 

hLk 

n* 

WdsUper 

UoalFoot. 

nil* 

Wtlgbl  per  LlDHl  Foot. 

nifo 

Wd^lpcr 

UamiTopt. 

Ei. 

BML 

A 

K«M. 

a(pan. 

B^ond. 

Sqou^ 

Bound. 

Sqoue. 

+ 

019 

0-2* 

H 

886 

4-91 

8 

12-20 

15  58 

0-30 

0-88 

430 

5-47 

12-07 

16-31 

018 

0-53 

4-77 

606 

18-77 

17-55 

1 

0-58 

074 

5'25 

6-68 

14-60 

18-58 

0-76 

O'OV 

0-77 

7-S4 

1544 

19-65 

006 

119 

162 

17-20 

I'M 

7-45 

9'48 

18-12 

88-06 

1-72 

2-18 

4 

201 

2'58 

1   ^ 

11 '05 

l\ 

21-02 

26-75 

2-83 

2-97 

984 

11-89 

23-07 

29-86 

I 

2-88 

3-41 

■  i 

1002 

12-75 

25-21 

82-09 

808 

8-88 

10-72  ■ 

13-65 

3 

27-45 

34-94 

lA 

S-44 

*-38 

i« 

11-45 

14-67 

Tablb  XXYI.— Abeab  of  Cibolkb. 


A   OOLLBOTION   OF   USEFUL   TABLBS  AND  NOTES. 


895 


Table  XXYII. — Ooloubs  bxpbesbimo  High  Tempsbatubis. 

Dqppees  Pahr. 

Paintred       960 

DuUred         1290 

Brilliant  red 1470 

Cherry  red 1650 

Bright  ditto  ditto         1830 

Orange 2010 

Bright  ditto 2190 

White  heat 2370 

Bright  ditto  ditto         2550 


Table  XXVIII.— Pbopkbtibb 

OF   THE  METATil. 

Chemical  Equiva- 

lents. 

Spedflc 
Gravity 
Water  at 
60»  =  1. 

MelUng 
Point. 
Fahr. 

Hydrogen 

Oxygen 
=  100. 

=  1. 

Hydrogen 

=  12-6. 

degrees 

Gold 

98-33 

1229-16 

19-26 

2016 

(Bankine  2590°.) 

Silver 

108-00 

1350-00 

10-47 

1837 

(Rankine  1280^.) 

Iron ..      .. 

28-00 

350-00 

7-78 

2786 

(Bankine  says  cast  iron  3479°.) 

Copper     .. 

31-66 

395-70 

8-89 

1996 

(Bankine  2548°.) 

Mercury  .. 

100  07 

1250-90 

13-60 

39 

Lead 

103-56 

1294*50 

11-35 

612 

Tin  ..      .. 

58-82 

735-24 

7-30 

442 

(Bankine  426°.) 

Antimony 

129-03 

1612-90 

6-70 

810 

Bismuth  .. 

70-95 

886-92 

9-80 

497 

Bismuth  8,  lead  5,  tin  3,  melts 
in  boiling  water. 

Zinc . . 

32-52 

406-59 

7-00 

773 

Very  malleable  at  212°  Fahr. 

Arsenic    .. 

7500 

935-70 

5-88 

700 

Hardens  any  metal  with  which 
it  may  be  mixed. 

Cobalt      .. 

29-52 

368-99 

8-53 

2800 

Barely  used  in  metallic  state. 

Platinum 

98*68 

1233-50 

20-98 

•  • 

Can  be  melted  before  the  oxy- 
hydrogen  blowpipe.  Scarce 
metal,  nearly  as  valuable  as 
gold. 

Nickel     . . 

29-57 

369-68 

8-27 

2800 

German  silver — best,  8  copper, 
3  nickel,  3}  zinc;  common, 
8  copper,  2  nickel,  4  zinc. 

Hard,  ductile,  and  malleable. 

Palladium 

53-27 

665-90 

11-80 

•  • 

Rhodium 

52-11 

651-39 

10-65 

•  • 

White,  and  veiy  hard. 
Very  iDflammable. 

Potassium 

39-00 

487-50 

0-865 

136 

Aluminum 

13-69 

171-17 

2-58 

•  9 

Very  malleable. 

Magnesium 

12-67 

158-35 

2-24 

•  • 

Hard,  but  ductile  like  silver. 
Volatile  at  white  heat 

Manganese 

•  • 

•  • 

800 

* 

•  • 

Cadmium 

•  • 

• 

■  • 

8-70 

•  ■ 

Sodium    . . 

•  • 

•  • 

0-97 

•  • 

Iodine 

■  • 

■  • 

4-94 

•  • 

Phosphorus 

•  • 

•  • 

1-77 

•  • 

Boils  at  550°. 

Sulphur  .. 

•  • 

•  • 

1-98 

228 

Boils  at  570°. 

P.S.— AnthoriUes  difTer  considerably  as  to  the  temperatore  at  which  most  of  the  metals  can  bo 
melted,  owing  no  doubt  to  errors  in  pyrometers. 


FOUlTDnfa  AND  OASTIKa. 

Tabu  XXIX.— Spiomo  Hbaiv,  Witkb  biiho  1-0000. 

Obaraoai      0-2691    i  Maroary       00 

Snlpbor      0-1850  j  Platinum     00 


Table  XXX.- 


■BonjHa  TmiPBKATtiBaa 


Hercmrj  (about) 

Linseed  oil 640 

WhaleoU 680 

Bolpbnr       570 

OU  of  taipeaUne  (about)  ..  850 

Phospboroi         S50 


OIBTAIH   BCBBTAHCIB. 

Araenio  (ToIatOixeg)  . ,      . .  356 

Napbtha      S20 

Sodium  (fbwa) 200 

Alcohol        174 

Wood  spirit         133 


TaBLB  XXXI.— COMFAKATITB  WBI0HT8  OF  TABI0V8  HBTALS. 


CutlTW 

Dry  Dal 

Dry  Pi™ 

Wrongtilli™ 

Bi» 

Copper 

MDCl. 

bring  1. 

Cart  iron     .. 

16-8 

11  ■ 

0-94 

0-84 

0-80 

Steel    ..      .. 

■08 

I  01 

Bms   ..      .. 

■16 

10-8 

12-7 

109 

I  00 

ssr  ■■ 

■21 

20-4 

188 

115 

105 

1-56 

24- 

17-1 

P48 

1-34 

1-27 

Tin      ..     .. 

17  12 

11-2 

OM 

Zinc    ..     .. 

0-M 

Mill  loam,  pwptaij  dii«d  In  ccat,  for  evffl;  ponnd  of  <x 
4^61b«.  ctutiron. 
4-8  „   patent  white  metal. 
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Table  XXXIII. — ^Peboemtagb  of  Gabbon  and  Silicon  contained  in  various 

KINDS  OF  CaOT  and  WbOUGHT  IbON  AND  StEEL. 


Deecripiicm. 


Spiegeleiscn  (New  Jersey,  U.S.) 

„        (Qerm&n)       

„         (Musen)         

Lofsta  pig  iron  (Dannemora,  Sweden)    . . 
Grey  pig  iron.  No.  1  (Tow  Law) 
Grey  pig  iron,  No.  1  (Acadian  Iron  CJo.) . . 
Grey  foundry  pig  iron.  No.  1  (Netherton,\ 

South  StaffordBhire)       / 

Ditto  ditto,  No.  2,  ditto 

Grey  forge  pig  iron  ditto 

Forge  pig  iron,  ditto 

Strong  forge  pig  iron  ditto 

Orey  pig  iron  (Dowlais) 

MoUled  ditto,     ditto         

White    ditto,      ditto         

Mottled  pig  iron  (Wellingborough) 

White  pig  iron  (Blaenavou)      

Refined  iron  (Bromford,  S.  Staffordshire) 
Puddled  steel,  hard  (Konigshutte)  .. 
Ditto       ditto,  mild  (South  Wales)  . .      . . 
Cast  steel,  Wootz        

„        for  flat  files       

„        (Huntsman's)  for  cutters 

„        for  chisels 

„        Die  steel  (welding) 

„        double  shear  steel 

„        quarry  drills      

„        masons'  tools 

„        spades        

„        railway  tires      

„        rails 

„        plates  for  ships 

„        very  mild  . .      . .     \ 

„        (melted  on  open  hearth)/ 
Hard  bar  iron  (South  Wales) 

„        „     (Kloster,  Sweden) 

„        „     (Russia)      

i>        >»  »»  

Boiler     plates   (Russell's    Hall,    South  i 

Staffordshire) ( 

Armour  plates  (Weardale  Iron  Oo.),  too  11 

steely        / 

Bar  iron  (Lofsta,  Sweden)         

„        (Gysinge,  Sweden)      

„        (Osterby,  Sweden)      

Armour  plates  (Beale  &  Go.) 

„  (Thames  Iron  Co.)    .. 

„  (Low  Moor)       


Carbon. 


per  cent. 


6 
5 
4 
4 
2 
3 


3 
3 
3 
2 
3 
2 
2 
2 
2 
3 
1 

1 

1 
1 


900 
440 
323 
809 
795 
500 

07 


04 

12 

03 

81 

14 

95 

84 

10 

31 

070 

380 

501 

34 

2 

0 

75 

74 

7 

64 

6 

32 
32  to  27 
26  to  24 

25 

18 

410 
386 
340 
272 

190 

170 

087 
087 
-054 
044 
033 
•016 


SUfoon. 


Aalhority. 


per  cent. 
0100 
0-179 
997 
176 
414 
840 


0- 
0 
4- 
4 


1-48 

1-27 
116 
0-83 
0-57 
2-16 


1 

1' 

2' 

1 

0" 


96 

21 

11 

11 

630 

006 

106 


•  9 

m  • 


-080 

•252 

Trace 

-062 

•144 

•110 

-115 
-056 
•028 
•174 
•160 
•122 


HeniT. 

SchaJh'&utl. 

Fresenius. 

Henry. 

Riley. 

Tookey. 

Woolwich  Arsenal. 


Riley. 


11 
»» 


»» 


n 


Woolwich  Arsenal. 

Peroy. 

Dick. 

Brauns. 

Parry. 

Henry. 

A.  Willis. 


»» 

11 
11 
fi 
»» 
»» 
11 


11 
Various. 

A.  WiUis. 

Sohafh'autl. 
Henry. 

11 
11 

11 

Percy. 

Henry. 

11 

11 


Percy. 

11 
Tookey. 


FOUKuun  Ain>  oastiko. 


Tablc  XXXIT.— THiciRna  asd 

WnoHT  or  WiBc. 

loditt. 

Wile. 

"aw*" 

Wrigh 

or.^^Ua.F«. 

SEsx: 

WdRbtaflMLlnnlFRt. 

bM.  1   Bt»L 

BniM.    Copper 

Iron, 

Copper.     Bthh 

Ibi.          Ita. 

U*.     1     Ibi. 

Itie. 

~ibl~ 

]>>- 

0000  = 

000  = 

00  = 

1              I 

0  = 

30-S8   30'92   33  *3   3517 

Z5'75   2601   2815  '29-62 

12-50 

14^50   13-75 

2 

21-34   2157   23-32   24-51 

2 

120 

13-90   I3^20 

3 

lrt-02  ,18-22 

12-70   20-72 

3 

1100 

12-75  12-10 

<  = 

i 

1511   15-28 

16-52   17'38 

4 

10-00 

U-GO   U-00 

5 

13-46 

12-59 

13-62   14-33 

S 

8-74 

10-10  '  9-01 

0 

11-45 

11-57 

12-51   13^I6 

6 

812 

940  .  8-93 

7  = 

A 

9-25 

9-85 

1011  :io-6( 

7 

7-50 

8^70  1  8'25 

8 

7-29 

7-37 

7-97     8-38 

8 

6^86 

7^90     7^51 

6-60 

O'SS 

7-22  !  7-69 

9 

624 

7-20  1  68fi 

10 

4-M 

602 

5-43 

5-71 

10 

562 

6-50  '  6-18 

11   = 

i 

4-13 

4-ie 

452 

4-75 

11 

5-00 

5-80 

5^50 

12 

81* 

8- IB 

343 

8^61 

12 

5-08 

4-81 

13 

2-34 

2-36 

2-55 

2-69 

13 

3-75 

4-34 

412 

11 

169 

1-71 

1-8S 

1-95 

14 

3- 12 

3-60 

3-43 

IS 

1-37 

1-39 

1-50     1-58 

15 

2-82 

3-27 

3-10 

16  = 

iV 

1-05 

106 

1-15 

1-21 

16 

2-50 

2-90 

275 

17 

■80 

■81 

■87 

17 

2^I8 

2-53 

2-40 

18 

-01 

■67 

■70 

18 

1^86 

2-15 

204 

19 

-47 

■47 

■51 

■54 

19 

^70 

r97 

1-87 

20 

■32 

■33 

■34 

■37 

20 

154 

1-73 

1-69 

21 

21 

140 

1-62 

l-5t 

S3  = 

iV 

22 

1-25 

1-45 

137 

S3 

23 

1-12 

1-30 

1-23 

Si 

24 

ro4 

1-16     l-IO 

S5 

25 

0'90 

104  .  0'99 

as 

26 

■80 

■92        ■88 

27 

■72 

-g3  1      -79 

^H 
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Table  XXXVL — Shbineaoe  of  Castings. 

In  locomotiye  cylinders =  ^  inch  in  a  lineal  foot* 

In  pipes =    i         y,  „ 

Girders,  beams,  &o =     |  in  15  inches. 

Engine  beams,  connecting  rods =     ]^  in  16  inches. 

In  large  cylinders,  say  70  inch  diameter,  10  feet 

stroke,  the  contraction  of  diameter =     f  at  top. 

Ditto =     I  at  bottom. 

Ditto  in  length       =     |  in  16  inches. 

In  thin  brass =     ^in9  inches. 

In  thick  brass =     ^  in  10  inches. 

In  zinc      =  -j^  in  a  foot. 

In  lead from  J  to -,^  in  a  foot. 

In  copper =  ^  in  a  foot 

In  bismuth       =  A        n 

In  tin        from -^  to  J      „ 


Easy  Rule  to  Find  Appboximate  Weight  of  Castings. 

Thickness  in  |  inches  x  width  in  |  inches  x  length  in  feet  =  lbs.  weight 

cast  iron. 

For  lead  add  one  half  to  the  result. 
For  brass  add  one-seventh 
For  copper  add  one-fifth 


Table  XXXVII. — Weight  of  Timbeb  per  Cubic  Foot. 


Lbs. 

44 

48 

46 

49} 

60 


Acacia       

Ash 

Beech 

Birch         

Box 

Cedar 48  to  56 

Chestnut 55 

Cork 15 

Deal 43 

„      English 30 

Elm 35  to  44 

Fir,  Mar  Forest  ..44 

„    New  England  ..      ..     35 

Riga 47 

Larch 34 


Hawthorn 

Hazel 

HoUy 

Hornbeam 

Lancewood 


88 

54 

48 

47J 

64 


Lbs. 
Lignum  yitsQ      ..      ..   '  ..     76 

Lime  tree 47} 

Mahogany,  Honduras  35 

n  Spanish  ..  53  to  56 

Norway  spar      36 

Oak,  Adriatic     62 

„    Canadian 55 

„    Dantzic      47 

„    English     58 

Pear  tree 41 

Plane  tree 40 

Poplar 83  to  24 

Pine,  pitch  ..    41  to  43 

red      41 

yellow        88 

Sycamore     38  to  43 

Teak 47 

Willow        24 

Yew      60 


n 


»» 


FOITNDIKa  AKD  OASTHTO. 


Tabu  XXXVIII.— Wbiqbts  of  Ubepcl  Hbtalb. 


KimcofSKW. 

c.«.^ 

'"■&£'"■ 

BiF  I  Id,  HlDin 
byin-loDg. 

Bitliii.iUiin. 
by  I  R.  long. 

llx 

Iba. 

Ita. 

Um. 

450 

S75 

312 

W^<^gbtiron       ..      .. 

475 

40-5 

333 

2-61 

Steer 

490 

40-8 

3-40 

2-67 

Copper  (tMt)       ..     .. 

549 

45-7 

3-ei 

3-99 

510 

42-5 

3-54 

2-78 

BreM{ja]low)      ..      .. 

523 

43-6 

3-63 

2-85 

L«td{caBt) 

710 

59-3 

494 

8-88 

Zinc(oaat) 

439 

36-6 

3-05 

2-40 

WsioHT  OF  Lead. 
22    cwt.  =  I  fodder  of  lead  fSlocklon). 
21      „    =  1         „       „     (Neweaatle). 
191    „     =1         „        „      (London), 


Fluxes. — There  ore  nmnerons  subatancee  nUcb  being  them- 
selves  easily  fosed,  are  added  to  more  re&actor;  materials  to 
promote  tbeir  fasion;  the  fbUoning  articles  are  largely  used  for 
this  purpose — crude  tartar,  commercial  cream  of  tarbir,  borax, 
nitre,  sal  ammoniac,  common  salt,  limestone,  glaas,  and  finer 
spar. 

Ab  most  metals  are  more  disposed  to  oxidize  when  in  a  molten 
state  than  when  solid,  it  is  nsnal  to  corer  the  surface  of  the  metal 
in  the  emcible  or  smelting  pot  with  some  flnx,  to  protect  the 


A  COLLECTION  OF  USEFUL  TABLES  AND  NOTES.      401 

Cornish  Beducing  Flux. — Crude  tartar  10  parts,  nitre  4,  borax 
3 ;  powder  together. 

Bejining  Flux. — Crude  tartar  and  nitre,  equal  parts;  burn 
together. 

Crude  J^waj.— Same  as  the  black  flux,  omitting  the  burning  in 
the  crucible. 

Fluxes  for  Arsenical  Compounds^ 

1.  Dry  carbonate  of  potassa  3  parts,  cyanide  of  potassium  1 
part. 

2.  Dry  carbonate  of  soda  and  cyanide  of  potassium  equal 
parts. 

Morrearis  Reducing  Flux. — Powdered  glass  free  from  lead 
8  parts,  and  1  part  each  of  calcbied  borax  and  charcoal ;  powder 
well  and  mix. 

8<xU  Cake. — In  smeltmg  expensive  metals  the  use  of  salt  cake 
as  a  flux  greatly  improves  the  appearance  of  the  metal  or  alloy ;  the 
refuse  uniting  with  the  salt  cake  floats  to  the  surfiEKse  of  the  crucible^ 
and  is  skimmed  off. 

Metal.  Flax. 


Iron  or  steel. 

Tinned  iron. 

Copper  and  brass. 

Zinc. 

Lead. 

Lead  and  tin  pipes. 


Borax,  or  sal  ammoniac. 

Resin,  or  chloride  of  zinc. 

8al  ammoniac,  or  chloride  of  sine. 

Chloride  of  zinc. 

TaUow  or  rosin. 

Resin  and  sweet  oil. 


Lutes. — These  are  soft  adhesive  substances,  generally  of  an 
earthy  composition,  used  for  closing  vessels  to  make  them  air  and 
gas  tight,  or  for  coating  over  vessels  or  parts  of  vessels,  to  protect 
them  from  the  effects  of  high  temperatures. 

Stourbridge  Clay  in  fine  powder,  made  into  a  paste  with  water, 
will  sustain  a  greater  heat  than  any  other  English  lute. 

Windsor  Loam,  a  natural  mixture  of  sand  and  clay. 

Either  of  the  above  may  be  used  for  coating  vessels,  or  for 
making  tight  the  hot  joints  of  metallic  vessels.  Mixtures  of  pul- 
verized borax  with  either  of  the  above,  or  with  common  clay,  form 
fusible  fluxes,  useful  for  glazing  over  the  surfsK^  of  vessels  so  as  to 
close  their  pores. 
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402  Fomronia  and  oistisa. 

1.  Mix  thcooDghly  2  parts  good  chy,  8  parts  sharp  washed 
asnd,  and  I  part  horse  dnng,  then  temper  hke  mortar. 

2.  Liiiseed  or  ahnoud  mfial  mixed  to  a  paste  with  milk,  lime 
water,  or  starch  paste.    This  Inte  stands  a  tempetatoie  of  500°. 

Fat  Lule. — 1.  Mix  dry  clay  or  pipe-clay  in  powder  with 
drying  linseed  oil  into  a  thick  paste,  ^e  part  to  which  this  is 
applied  must  be  dean  and  dry. 

2.  Plaster  of  Paris  mixed  with  water,  milk,  or  weak  glne.  Both 
these  lutes  stand  a  dnll  red  heat. 

White  lead,  paste  and  paper,  caoutchouc,  and  yellow  wax,  are 
also  osed  as  Intee  for  variom  porposes. 

Speoifio  GRATirr. 

The  specific  gravity  of  a  body  is  its  weight  in  proportion  to 
that  of  an  equal  bnlk  of  water. 

The  weight  of  a  cubic  foot  of  water  at  a  tempeiatare  cf  60^  is 
1000  ounces  aToirdupois. 

Therefore  the  specific  gravity  of  a  body,  miter  being  1000, 
shows  the  weight  of  a  cubic  foot  of  that  body  in  ounces. 

Then  if  the  magnitude  of  the  body  be  known,  its  weight  can  be 
computed ;  or  if  its  weight  b^  known,  its  magnitude  can  be  calcu- 
lated, provided  its  specific  gravity  is  known.  If  any  two  of  the 
three  qualities,  weight,  magnitude,  and  specific  gravity,  be  known, 
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Table  XXXIX.— SpBcmo  Gbayxtt  and  Wxioht  or  Yabiods  Materials 

USED  IN  FOUNDBIEB,  ETC. 


Spedflc  Oravfty. 

Cubic  Footfn  Lbft.  Cable  In.  In  On. 

Borax         

1^714 

107-1 

099 

Chalk         

2^767 

172 

9 

160 

Coal 

1-250 

78' 

1 

072 

Emery        

4-000 

260' 

0 

231 

Gypsum,  opaque       

2-168 

135 

5 

1^25 

Grindstone        

2  143 

133 

9 

124 

Limestone 

2945 

184 

1 

1-28 

Pomioe  stone 

•915 

57' 

2 

0-53 

Rotten  stone      

1-981 

123 

8 

1-14 

Salt 

2-130 

133 

1 

1-23 

Sand 

1520 

95 

0 

0-88 

Sulphur,  native 

2033 

127 

1 

1-17 

Sulphur,  melted        

TaUow        

1-991 

124 

4 

1-15 

•945 

59 

1 

•55 

Olive  oil     

•915 

57 

2 

•53 

Linseed  oil 

•932 

58 

2 

-54 

Tar     

1015 

63 

•4 

-59 

Whitelead 

3-160 

197-5 

1-82 

Specific  Gravity. 

Plaster  of  Paris,  dry      1*4 

„  wet      1-6 

Portland  cement 3*0 

FUnt  glass       3-0 

Crown  „         2-5 

Pottery 20 

Dry  loam 1-4 

Papier  mach^ 0*7 

Modeller's  wax       0*96 

Table  XL. — Expansion  of  Metals  bt  Heat. 

In  ndsiDg  the  temperature  of  bars  of  yarions  metals  from 
S2^  F.  to  212°  P.  they  are  found  to  expand  nearly  as  follows : — 

Platinum one  in  1097  parts. 

Palladium „  1000  „ 

Antimony „  923  „ 

Cast  iron „  901  „ 

Steel „  824  „ 

Wrought  iron „  801  „ 

Bismuth „  718  „ 

Gold „  667  „ 

Copper       „  557  „ 

Gun  metal  (copper  8,  tin  1}   ..      ..  „  550  „ 

Brass „  524  „ 

Speculum  metal       „  517  „ 

Silver „  499  „ 

Tin      „  424  „ 

Lead „  350  „ 

Zinc „  336  „ 
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Tabui  XLI— To  Oauiduti  Valui  feb  Toh  of  2 


d. 

£  1.  d. 

4 

J. 

A  - 

.       0  11     8 

8 

..     88  10    0 

81     .. 

.     75  16    8 

:: 

1    3    i 

.     S9  13    4 

8       .. 

77    0    0 

.268 

; 

.     40  16    8 

8*     .. 
8       .. 

78    3    4 

.       3  10    0 

.     42    0    0 

.     79    6    8 

.       4  18    4 

44 

.     43    8    4 

8       .. 

80  10    0 

.       S16    g 

4 

.     44    6    8 

8i     .. 

81  13    4 

.700 

4} 

.     45  10    0 

8}     .. 

82  16    8 

.       8    3    4 

S 

.     46  IS    4 

9       .. 

84    0    0 

.968 

H 

4 

.     47  16    8 

9       .. 
9       .. 

85    3    4 

.     10  10    0 

.     49    0    0 

86    6    8 

.     It  18    4 

.     50    3    4 

9       „ 
9       - 

87  10    0 

.     12  16    8 

.     51    6    8 

88  13    4 

.     14    0    0 

s 

.     52  10    0 

9 

.     89  16    8 

.     15    8    4 

s 

9 

.     53  13    4 

9       .. 

91    0    0 

.     16    6    8 

.     54  16    8 

9       .. 

92    3    4 

1 

.     17  10    0 

6 

.     56    0    0 

10       .. 

98    6    8 

2 

18  13    4 

«l 

.     57    3    4 

10 

94  10    0 

U  :: 

.     19  16    8 

6 

.    ns  6  e 

10       .. 

95  13    1 

21    0    0 

6 

.     59  10    0 

10       ., 

96  16    8 

s 

.     22    8    4 

6 

.     60  13    4 

10 

98    0    0 

2       .. 

.     22  16    8 

6 

.     61  16    8 

10,      .. 

99    3    4 

2(     .. 

2       .. 

.     24  10    0 

6 

.     C3    0    0 

10 

100    e    8 

2S  18    4 

6 

.     64    S    4 

10 

101  10    0 

2}     .. 

26  16    S 

.     65    6    8 

102  13    4 

8       .. 

28    0    0 

.     66  10    0 

108  16    8 

1}  :; 

29    8    4 

.     67  18    4 

105    0    0 

80    6    8 

.     68  16    8 

.  106    3    4 

i{:: 

81  10    0 

.     70    0    0 

107    6    8 

32  13    4 

.     71    3    4 

108  10    0 

33  16    8 

.     72    6    8 

109  13    4 

35    0    0 

.     73  10    0 

110  16    8 

86    3    4 

.     74  13    4 

Is.          .'.     . 

112    0    0 

r  „  . 

87    6    8 

^H 
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Abbasion  of  fire-bricks,  108 
Air,  centrifugal  force  of,  125 

fomaoee,  72-82 

mains,  56, 126, 137 

pipes,  137 

Aland's  fan,  124 
Alkalies,  e£fect  in  clay,  105 
Altoona  foundry  cupola,  43 

wheel  foundry,  374-377 

Alumina,  effect  in  clay,  104,  105 

in  pig  iron,  1 

in  sand,  163 

Aluminous  shales,  94 
Alloys,  382-393 

bell  metal,  361,  385 

American  cupola,  43 
Analysis  of  coal,  31 
Anthracite  coal,  31,  32 
Anvil  block,  casting,  48 
Anvils,  cast  iron,  266 
Annealing  crucibles,  115 
— : —  ovens,  278 

pots,  malleable  iron,  285 

Appleby's  cranes,  313-316 
Arch,  fire-brick  for,  109 
Areas  of  circles,  394 
Arsenic  in  iron,  10 
Art  work,  bronze,  346-353 
Ash  of  coal,  32 
Assay  crucibles,  114 
of  fire-clays,  101 

Babbitt's  metal,  383,  390 
Bailey's  pyrometer,  88-89 
Baker's  blower,  135 
Bars,  core,  211,  212 

shrinkage  strains  in,  156 

Base  plates,  cupole^  39 

Bauxite,  97 

Bearings,  alloy  for,  385 

Bedplates,  moulding  engine,  195-202 


Beech,  for  patterns,  142 
Bell  founding,  354-367 

metal,  361,  385 

moulding,  363 

Belfast  sands,  164 

Belgian  cupola,  68-71 

Belt,  air,  57 

Bends,  pipe,  215 

Berlin  crucibles,  112 

Bessemer's  reverberatory  fumaoeSi  80- 

82 
Bevel  wheel  patterns,  251 
Birmingham  crucibles,  112 
Bituminous  coal,  32 
Blackening,  166, 167 

applying,  179, 181 

Blacklead  crucibles,  112, 113 
Blackwash,  166,  167 
Blanched  copper,  386 
Blast,  118-140 

density  of,  131 

furnaces,  27 

hot,  65 

Blower  and  fan  compared,  137-140 
Blowers,  132-140 

Baker's,  135 

Qwynne's,  183 

Roofs,  133 

Blowing  engines,  120 
Bod  or  bott  stick,  60,  61 
Bookkeeping,  foundry,  380,  881 
Bott  or  bod  stick,  61 
Bottoms  of  cupolas,  37,  53 
Boards,  loam  moulding,  220 
Boxes.  171-174 

chill  casting,  264-280 

for  pipes,  210 

Brass,  837,  383 

founding,  837-353 

furnaces,  79,  80,  843 

—  moulds,  170 


BroBs  patteinB,  192 

Chill  casting,  263-280 

Brealting  jHg  iron,  61 

moulds,  264-280 

Bceoat,  eupoln,  37 

ChincBS  adTer.  385 

Bricks,  hauiitc,  98 

Cliromium  in  icon,  10 

DinoB,  95,  lt»7 

Cinder  pig,  3,  i 

for  loam  moulding,  1C9 

CirclcB,  areas  of,  3<H 

Bribinnia  metal,  389 

Circular  plalcB.  oasling.  21 

Brittle  iron,  colour  of,  G 

Cire  petdn  pcoceaa.  350 

Bronze.  386 

Clay  cruEiblea,  111-117 

Hne  art  work,  M6-353 

for  flre-bricka,  98 

Burning  on,  291,  292 

for  loam,  167 

Burnt  Band,  IG6 

Cleaners,  174,  175 

Buabes,  moulds  for  iron,  180-183 

Clfftoing  CBstingB,  368-373 

Clearan™  in  monlda,  149-151 

CijJtBABBH  Ponderio  i.  88-71 

Cioveland  pig,  3 

Ooloiom  ia  iron,  9 

Cioiwno^  work,  bronze,  3i9 

Osloriflo  power  of  ooal,  30,  32 

Close-groined  castings,  14 

Carbon  in  ooal,  31 

Coal  consumption  in  cupola,  35.  63 

in  iixM.  1-8 

dust  in  sand,  165 

peraontage  in  iron,  397 

as  fuel.  26 

Carbom.Uoriiine,a4 

meagnreB,  sand  from,  163 

powder,  194,  195 

Curt  buehoa,  moulds  for,  181-183 

for  reTerfaeralory  furnace,  74,  75 

Case  bardening,  286-288 

Coiled  tuyeres,  53 

hardeniog  funiiici},  287 

Coke,  33,  34 

CB»insofoupolM,36,*2-51 

consumed  in  cupola,  35 

Cast  stool,  329-336 

for  reTcrbenitory  fumooe,  74,  75 

CasUng  on,  289 

Coking.  33 

^-  U.|ls.  364 

Gold  blast  ir^jn,  3,  4 

contraction  in,  160 

Columns,  moulding,  207,  208 

— -  ooBt  of,  380 

[[■ 
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Gomifih  crucibles,  114 

Cost  of  moulding  and  casting,  379- 

381 
CottoQ  rope  cranes,  316-325 
Cowper*8  chill  castings,  267 
Cranes,  foundry,  311-322 
Crane  ladles,  306-310 
Crucible  cast  steel,  329-336 

furnaces,  27,  333-343 

Crucibles,  111-117 

for  steel,  333 

Crystalline  cast  iron,  3 
Crystals,  formation  of,  in  iron,  17 
Cupola,  American,  43 

arrangement  in  foundry,  59 

blast  for,  118-140 

effect  of  blast  in,  139 

fire-brick  for,  110 

fuel  used  in,  63 

furnaces,  27,  35,  67 

Heaton's,  49 

Ireland's,  44 

Krigar's,  41 

lining,  51 

Mackenzie,  43 

portable,  51,  68 

steam  jet,  48 

Voisin's,  50,  51 

Woodward,  48 

working,  55-67 

Cutting,  blast,  118 
Cylinders,  casting,  21 

iron  for,  13 

mixture  for,  14 

shrinkage  strains  in,  153, 154 

steam,  moulding,  224 

Cylindrical  cupolas,  37-40 

Daniell's  pyrometer,  87 

Deal,  for  patterns,  141 

Defects  in  castings,  filling,  292,  293, 

386 
Density  of  blast,  131 
Designing  castings,  16 
Diameter  of  cupolas,  37, 40,  44 
Dimensions  of  cupolas,  35-67 
Dinas  bricks,  95,  107 
Dished  utensils,  moulding,  188 
Dodd's  case-hardening  furnace,  287 
Double  shrink,  allowance  for,  152 
Downie's  moulding  machine,  235 


Drag  box,  172, 173 

Dressing  brass  castings,  838,  369 

castings,  368-373 

Drying  stoves,  294-299 

loam  moulds,  221,  222 

stoves  for  brass,  338 

fuel  for,  76 

Dry-sand  moulding,  176,  210-218 

cost,  379 

Dull  metal,  effects  of,  24 
Dynamic  energy,  28 

Egoentbicity  of  fans,  126 
Electrical  pyrometer,  91,  92 
Emery  wheels,  369-373 
Energy  of  matter,  28 
English  foundry,  377-379 
Engines,  blast,  119 
Expanding  metal,  386 

Face  lathes  for  patterns,  157 
Facing  sand,  165 

for  bronzes,  348 

infusible,  167 

Fahrenheit*s  thermometer,  84 

Falling  doors,  cupola,  57 

Falkirk  sand,  164 

Fans,  121 

Fan  and  blower  compared,  137-140 

Feeble  blast,  119 

Feeders,  202 

Feeding  gates,  186 

Fenders,  moulding,  191 

Femie's  wire  rope  crane,  325-328 

Fettling  casting,  368-373 

Files  for  fettling,  369 

Fine  art  work,  bronze,  346-353 

Fir,  for  patterns,  141 

Fire-bricks,  52,  95-110 

Fire-brick  lumps,  52 

Fire-days,  93-106 

Fire-clay  crucible,  111-115 

for  cupola,  52 

Fire-places,  bricks  for,  109 
Flame  fomaoes,  26 
Flasks  or  boxes,  171-174 
Flask,  pot,  115 
Flat  discs,  strains  in,  155 
Flat  moulding,  176-183 
Fluted  pipe,  moulding,  287 
Flux  oonsomed  in  cupola,  47 


Flus,  cupola,  61 

FlDice,  61,  400,  407 

Grey  iron,  2 

Fomlerie  k  CalebBBse,  68-71 

Grinding  loam,  168 

Foot  pound.  29,  30 

Grinilfllones  for  fetUing,  309 

Foundry  cranes,  311-328 

Gun  niBtal,  385 

irons,  2 

tnyeres,  54 

mixtures  of  Iiod,  11-15 

GauB,  moulding,  217 

FcmndrieB,  oMmpleB  of,  374-379 

■  cast-iron,  22 

Gutters,  strains  in.  157 

for  emery  whoetB,  371 

Gwynne'a  blowor,  138 

cupolB,  57 

Franco,  nanda  in,  165 

H^MATiTK,  for  malloablM,  2S3 

Freo-wnd,  1G4,  105 

Hand  cmncs,  311, 313 

UMd  bmsa,  383,  384 

Frenuh  bronzes,  347 

irou.  colour  of,  6 

crnclblM,  114 

"*           Fuel,  28,  35,  G3, 74,  280,  343 

Hearlba,  cupola,  37.  40,  44 

Hoartli,  fire-brick  for,  100 

for  brass,  343 

Heal,  duvelopmonl  of,  28 

coasnmed  in  capolu,  35,  63,  64 

meaaurea  of,  83-92 

Uoats,  specilie,  31)6 

for  roierbonitory  ftirnaco,  74,  75 

unit  of,  30 

in  Bmelting,  30,  31 

Healon'a  cupolti,  49 

for  atoTea.  294-299 

HcsTj  casting?,  fuel  usod  for,  62 

Fnrnooo,  caae  batdtnlng,  287 

for  drying  stoves,  298 

Hoiglilofcupolo8,37,  40, « 

hoQsc,  59 

He83iaDcnielhles.lU 

wreoM,  57,  63 

Higii-presBure  reverberalory  ftirnaoeB, 

Sheffield  eteel,  332 

80-82 

Siemona  cast  rteel,  334 

Hindoo  PBBt  steel,  329 

Fomaocs,  26. 28,  3C,  83, 287,  332,  343 

Hoists,  foundry,  S9,  377 

oir,  72-82 

Holoa  in  eastings,  slopping,  293,  386 

brass.  343 

Holiow  castings,  slraiu  in.  155 

^H 

INDEX. 


409 


Iron  in  fire^day,  99 

foundry,  2 

grey.  2 

impurities,  9 

malleable  cast,  281-286 

for  malleables,  283 

mottled,  2 

patterns,  147 

Pig»  1 

pouring  molten,  307-310 

scales,  for  malleables,  283 

white,  2 

Jacket  for  cupola,  66 

Jet  cupola,  steam,  48 

Jib  cranes,  311-313,  320-323 

Jobson  s  moulding  machines,  236 

moulding  process,  189 

Journal  boxes,  alloy  for,  385 

Kaolin,  for  moulds.  171 
Kettle,  moulding,  187-189 
Kinetic  energy,  28 
Krigar's  cupola,  41 
Krupp's  crucibles,  113 

Ladles,  crane,  306-310 
Large  casting,  metal  for,  56 
Lathe  bed,  moulding,  209 
Lathes  for  pattern  making,  157-160 
Lean  for  fire-clays,  107 
Leemore  fire-bricks,  107 
Lifts,  furnace,  59,  377 
Light,  29 

green-sand  moulding,  176-194 

Lime  in  fire-clay,  95,  96 
Lining  cupola,  51 

ladles,  307 

metal  for  boxes,  386 

Lloyd's  fan,  121 

tuyere,  54 

Loam,  167,  219 

boards  for  pipes,  212 

mills,  168, 169 

moulding,  218-230,  363 

London  sand,  163 

crucibles,  114 

Lumps,  cupola,  52 
Lutes,  401,  402 

Machinery,  irou  for,  13 
Machine  framing,  casting  on,  292 


Mackenzie  cnpola,  43 

Magnesia,  refractory  materials,  96 

in  sand,  163 

Mahogany,  for  patterns,  141, 142 
Mains,  air,  56, 126 
Main's  pyrometer,  90 
Manganiferous  iron,  13 
Manganese  in  iron,  IS,  14 
Malleable  cast  iron,  281-286 
Matter,  energy  of,  28 
Measures  of  heat,  83-92 
Melted  iron,  judging  quality,  6 
Melting  alloys,  382 

brass,  343 

irons,  effect  of,  7 

metal,  cost  of,  379,  380 

points,  measuring,  85-92 

of  metal,  395 

pots  or  crucibles,  111-117 

Metal,  bell,  361 

patterns,  192 

Metals,  crystalline  formation,  16 

properties  of,  395 

Mill,  loam,  168 
Mine  pig,  3,  4 
Mixing  alloys,  382 

foundry  irons,  11,  12 

loam,  168,  169 

Modelling,    for    brass    work,    338. 
339 

Morgan's  crucible  machine,  115 
Mottled  iron,  2 
Mould,  pot,  115 
Moulds,  drying,  294-299 
Moulding,  art  of,  176-262 

bell,  363 

for  brass,  340,  341 

bronzes,  348 

cost  of,  379 

machines,  235.  241,  378 

materials,  162-175 

piece,  351-353 

sand,  162-166 

teeth  of  wheels,  242-260 

tools,  174,  175 

Moulds,  chill,  264-276 

clearance  in,  151,  152 

metal,  170 

open,  170 

Muntz  sheathing,  383 
Muflhct's  crucibles,  112 


410  .       I 

Newcastle  cool,  31 

Bre-brickB,  187 

Now  lifid  SandBtonc,  sftnil  ftum,  1G3 
Nitrogen  in  cdilI,  31 

Oak  CHARCOAL,  166 
Octagon  post,  monldiDg,  20S 
Old  cnpolim,  36-38 
Open  moulda,  170 

pita,  300, 302 

spray  lujerea,  5* 

Ordnance,  moatdlng,  217 

Or-molu,  387 

Ornamental  cagting^.  iron  for,  5 

. work,  iron  for,  7 

Oventi,  nuncftling,  278 

OTerhead  travdling  cranes,  313-328 

Oiygen  in  cool,  31 

Pawt  for  patterns,  145,  HC 
JPona,  moulding  large,  220-223 
Parting  sand,  1G5 
Patterns,  141 

adjustable,  20B,  206 

for  brass,  33S,  339 

claeeiSeBtion,  141 

ghie  ovens,  158 

for  hoUnw  moulding,  187 

iron,  147 

large,  aire  of,  144 

macliino  tools  for,  158 

niakiog,  141-iei 

msteriftlfl  employed,  148 


iron  btmoture,  1 
S,  fir  imtterne,  141 
I  for  boiea,  1^3,  i91 


gate,  178 

Pipe,  fluted,  monlding,  207 

melal.  386,  387 

monldrng,  210-21S 

moulding  macliine,  235 

patterns,  213, 2U 

Pipes,  air,  56,  137 
Pita,  fonadry,  300-305 
Plaster  moulds,  181),  190 
Plato  moulding,  231-234 
Plates,  Btotinsin,  155 

used  in  moulding,  Z08,  203 

Plalfotms,  cijwging,  59 

Purtable  oapola,  51 

Pot  liuDiuicB,  27,  333,  343 

Pots  or  cmciblea,  111-117 

tbrce-legged,  monlding,  187 

Potential  energy,  2S 
Poulllet's  pyiomoler,  86 
Pouring  gates,  184 

bmss,  344 

iron,  183,  223,  303,  305 

for  lonjn  work,  223 

mull«u  iron,  307-310 

Preesura,  costing  under,  303-305 
Prints,  core.  196,  197 
Pullies,  moulding,  206 
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Railway  chairs,  chilling,  267 

wheels,  chilled,  275-280 

Railings,  casting  on,  290-292 
Raking  out  cupola,  58,  63 
Rammers,  moulding,  174 
Ramming   blocks,    hollow    moulding* 

190 
Ramsbottom's  cranes,  316-325 
Ransome's  emery  wheels,  370-372 
Reaumur's  thermometer,  84 
Rectangular  cupola,  36 
Red  brass,  383,  384 
Reflector  metal,  386 
Refractory  materials,  93 
Regenerative  furnaces,  76 
Regenerative  furnace  for  cast  steel,  334 
Registering  thermometers,  85  *' 

Reheating  furnace,  31 
Remelting  iron,  effect  of,  7 
Repairing  cupolas,  47 
Reverberatory  furnaces,  72-82 
Rings,  shrinkage  straliMB  in,  153 
Rivet  ni«ial,  385 
Bock-sand,  164 
Rods,  weight  of  copper,  394 
Rollers,  chilling,  265,  266,  270 
Rope  cranes.  Cotton,  816-325 
Root's  blower,  133 
Round  bars,  crystallization  in,  19 

Sand,  fine  art  work,  848 
—  moulding,  162-166 

pits,  300-304 

Sandstones,  94 

Sobiele's  fan,  122 

Schmidt's  pyrpmoter,  86 

Scott's  wheel  moulding  machine,  253- 

257 
Scotch  coal,  31 

cupolas,  38, 89 

pig  iron,  10 

Scrap  iron,  7 

Seasoning  pattern  timber,  144 
Shafts,  shrinking  strains  in,  155 
Sheaves,  moulding,  206 
Sheffield  crucibles,  112 
Shell  moulding,  203-205 
Shrinkage,  allowances  for,  149 

of  fire-brick,  1Q8 

general  laws,  157 

holes,  186 


Shrinkage  strains,  153-157 
Shrinicages^  table  of,  39^ 
Siemens'  fyimace,  27,  391 

pyrometer,  91,  92 

Silica  in  moulding  sand,  163 

in  fire-clay,'  96-106 

Silicate  of  soda  and  bauxite,  97 
Silicon,  percentage  in  iron,  397 

in  pig  iron,  1 

Silver,  German,  388 

in  iron,  10 

properties,  395 

Skimming  gates,  184, 185 

Slack,  as  fuel,  66 

Slack's 'emery  wheels,  369 

Sleekers,  174, 175 

Slende*  pattemiL  moulding,  191  . 

Sliding  nozzles,  olast,  56,  57 

Slow  running  rope  crane,  325-328 

Small  coal,  66 

Soft  blast,  effect  of,  119 

Softening  castings,  3 

Soldett,  383 

Specific  gravity  of  metals,  395 

gravity,  402 

heaf  s,  396 

^-—  heat  of  iron,  31 

Speculnm  metal,  387 

Spriter,  383 

Spherical  castings,  strains  in,  155 

Spirit  thermometers,  85 

Spray  tuyeres,  54 

Spruce  for  patte^ms,  141 

Sprues,  185 

Spur  wheels,  contraction  of,  151 

wheel  patterns,  242-252 

Square  bars,  crystallization  in,  19 

Stacking  boxes,  173 

Statue  founding,  330-853 

Statuary  metal,  387 

Steam  cranes,  311-328 

—  cylinders,  moulding,  224 

jet  cupola,  48 

Steel,  cast,  239-336 

omcible  furnace,  333 

•^—  crucibles,  114 

impurities,  9 

pots,  115,  333 

Steeples,  203 

Stereo  plates,  casting,  391 

Sieroofype  metal,  391 
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Btores,  nrrtogcmont  of,  37i 
Slo»-ke(|pRr,  dutiai,  381 
*)reB,«3mrooaI,  167 
Stores,  drying,  294-209 

for  brass,  338 

Stourbridge  bricka,  107 

cruciblofl.U2 

Strains,  sLriukage,  153-157 
Strong  CBBlings,  iron  for,  5 
Sturtevanfafnn,  123 
Soiphtikiii  coal,  31 


Tnper  in  cupola,  6^ 

Tuj,holea,37,60' " 

Tapping  metnl  from  oopola,  35 

Taiifjfot  putlorns,  H3  « 

Teatli  of  wheels,  moulding,'  242-2G0 

Temper,  382 

Temperatnrea,  colours  of  high,  395 

Toniperirg  fire-clnya,  102 

TuBting  pig  iron,  1 1 

Thermometers,  83-85 

Thin  corfinga,  iron  for,  i     * 

fuel  consumed  for, 

plates  cBatiDE,  tfS 

Timber,  aoasonipg' 11*    *"  * 

weight  per  foot,  339 

Tin  for  bronte,  349 


».?. 


I   Viimiflh  for  patterns,  U5 

Velocity  of  fan,  12l3 

Vices,  cunt  iron,  2lJG 
]  Voisin'B  oupoU,  SO,  SI 

Wall  obanes,  313 
Wasto-wai  process,  350 
WaltT  in  coal,  32 

in  fire-bricks,  08 

—^  ja*oted  tuytre?,  53 
WolttfaU  blaft  mooliiDo,  119 
Waste  blocka,  liollow  moulding,  J89 
-1—  in  cQpola  working,  S3       ,'-  ■'  . 
W^hering  clay  for  !o^,  169  't- 
Wedge  wood's  pyi^Set^.^S 
Weight  of  bulla,  300,  3«6   *  . 

ofAetings,  HO,  147 

of  metalB,  39G 

Wolah  ooal,  31 

fire-bricks,  107 

Wheel f^  chilled  railway,  275-280 

* contraction  of,  150 

Wheel  moulds,  chill,  2(H 

HOnldingipini-jiineB,  233-260 
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DICTIONARY  OF  ENGINEERING, 


WITH  TECHNICAL  TERMS  IN  FRENCH,  GERMAN,  ITALIAN,  AND  SPANISH. 

In  super-royal  8vo,  3100  pp.,  ami  nearly  8000  Engravings, 

In  3  vols.,  cloth,  6L  5s. ;  in  8  diviBions,  61.  8s. ;  bonud  in  a  superior  manner,  half-morocco, 

top  edge  gilt,  3  vols.,  61.  12s. 


CONTAININO,  AMONGST  OTHER  ARTICLES,   COMPLETE  TREATISES  ON 


A^coltnral  Instruments,  including  Steam 
Ploughing  and  Steam  Ploughing  Appa- 
ratus. 

Air-Pump. 

Alloys  (Metallic)  employed  in  the  Useful 
Arts. 

Anemometers. 

Bam  Machinery. 

Battery. 

Bells  (Large),  How  to  construct  to  sound 
any  required  note. 

Belts  and  Belting. 

Boilers,  the  Principles  and  Practice  of 
Boiler  Construction. 

Bootmaking  Machinery. 

Boring  and  Blasting. 

Boring  and  Sinking  Artesian  Wells. 

Brake  (Railway). 

Brick-making. 

Bridges — Timber,  Stone,  and  Iron. 

Cables. 

Cements. 

Coal  Mining. 

Coolers  and  Refrigerators. 

Cotton  Machinery. 

Damming. 

Details  of  Engines. 

Docks  and  Harbours. 

Dynamometer. 

Electro-Metallurgy. 

Engines,  Varieties  of. 

Fan. 

Fire-arms. 

Flax  Machinery. 

Forging,  Machinery  for. 

Founding  and  Casting. 

Friction. 

Furnace. 

Gas,  Manufacture  of. 

Hand  Tools. 

Haulage  of  Coal. 


Hydraulics  and  Hydraulic  Machinel. 

Ice-making  Machine.  .      . 

Iron  Manufacture. 

Iron-ship  Building. 

Irrigation. 

Lifts,  Hoists,  and  Elevators. 

Lights,  Buoyik  and  Beacons. 

Locks  and  Lock  Gates. 

Locomotive  Engine. 

Machine  Tools. 

Marine  Engine. 

Materials  of  Construction. 

Mechanical  Movements. 

Metallurgy. 

Mills  and  Mill-work. 

Ores. 

Paper  Machinery.  • 

Permanent  Way. 

Piles  and  Pile-driving. 

Pin-making  Machine. 

Pipes. 

Pumps  and  Pumping. 

Railway  Engineering. 

Reservoirs. 

Retaining  Walls. 

Rivers. 

Roads. 

Roofs. 

Rope-making. 

Scafifoldiug. 

Screw  Engines. 

Signals. 

Silver. 

Stationary  Engines. 

Stave  and  Cask  Machinery. 

Steel. 

Sugar  Machinery. 

Telegraph. 

Ventilating  and  Warmif)^. 

Watena>rfcs. 

Wood-working  Machinery. 


Crown  Svo,  ^9  pp.,  flott,  wOfc  mnwanani  ntuttratiami'Priee  5*. 

WORKSHOP   RECEIPTS, 

iM  THS  nai  or- 

Uanufachtrers,  ptet^mrifs,  tf  Sritnfific  Amateurs. 
By    ERNEST   SPON. 


CONTAINING    RECEIPTS    FOB 


Bookbinding. 

BroDzei  (Uid  Bnnmug. 

Oundlea. 

Cemeat. 

Cltaning. 

ColoDiwashiug. 

Ooncretee. 

Dipping  Acids. 

Drawing  OlBco  Dettais. 

Drying  Oils. 

Dyeing. 

DjiiacDite. 

EIuctro-Mstalliirgy  — (Cloaning,    Dipping. 

Boratuli-bnuliiug,  Batlerie?,  BittliB,  and 

Di>pi»its  of  ever;  deaciiption), 
Enumela. 
Engmving  on  Wood,  Copper,  Gold,  Silver, 

Steel,  and  Btone. 
Etching  and  Aqua  Tint. 
Firework  Milking — (Rockets,  Stars,  Riune, 

OeibeB,  JttB,  Tourbiilons,  CBiidle«,Ficefl, 
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LacqnetB. 

Lntlung. 

Lealher. 

Lubrioiuits. 

Marbte  Working. 

Mnlchos. 

MortarH. 
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„  Spikes. 
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„       Corrugated  Iron  Roof- 
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Proportion  of  Wheels. 
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Relative  Strength  of  Cast   and 

Wrought  Iron  I^Ilars. 
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Paiktbrs*  and  Glaziers'  Memo- 
randa. 


Sundry  Memoranda. 
Weight  of  Metals  per  foot  cube. 
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Railway  Road  CrosHingM. 
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Foreign. 
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Comparison    of     Englidi     and 
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